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CHANGES IN THE ACCESSORY SEX ORGANS OF THE MALE RAT AFTER 
ADMINISTRATION OF ESTRADIOL IN COMBINATION WITH 
PROGESTERONE OR DESOXYCORTICOSTERONE ACETATE* 


Gerorces Masson, Ph.D., and Hans SELvE, M.D. 
(From the Department of Anatomy, McGill University, Montreal, Quebec) 


Several investigators have noticed that treatment with folliculoid (or 
“estrogenic’”’) estrane derivatives may cause squamous metaplasia and 
even cornification of the epithelium in the prostates, coagulating glands, 
ampullary glands and seminal vesicles of rodents. At the same time 
these substances induce marked proliferation of the connective tissue 
and smooth muscle tissue in the walls of these glands.** In the rat this 
metaplasia is much more difficult to produce than in the mouse and the 
epithelium of the seminal vesicles appears to be practically resistant to 
this effect except in the region of the duct.”® 

Experiments on the mouse led Burrows ‘ and de Jongh, Querido and 
Stolte * to conclude that the metaplasia normally produced by estrone 
can be prevented by simultaneous progesterone administration. In this 
connection it is perhaps worth mentioning also that according to 
Lipschiitz, Vargas and Nunez ® certain tumor-inducing effects of follicu- 
loids are likewise counteracted by progesterone and desoxycortico- 
sterone. 

In the present communication we describe experiments on rats indi- 
cating that, at least under certain conditions, a special type of epithelial 
metaplasia can be produced by the combined administration of estra- 
diol with either progesterone or desoxycorticosterone acetate, while 
similar treatment with any one of these steroids alone causes no such 
change. 


EXPERIMENTAL FINDINGS 


In our first experimental group 60 castrate male albino rats weighing 
40 to 65 gm. were divided into six groups of 10. One group served as 
controls and received only peanut oil injections; the others were treated 
with various hormones or hormone combinations. The daily dose was 


* Received for publication, March 2, 1942. 
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dissolved in o.1 cc. of peanut oil and administered in two injections. All 
animals were castrated 2 days prior to the initiation of treatment. After 
10 days of treatment the animals were killed and their sex organs 
weighed and examined histologically following fixation in Heidenhain’s 
““Susa” mixture. 

The upper portion of Table I summarizes the organ weights observed 
in the six groups of this experimental series. It will be seen that the 
weight of the seminal vesicles was increased by estradiol, but not signifi- 
cantly modified by progesterone or desoxycorticosterone acetate. In 
the combined administration of estradiol with progesterone or des- 
oxycorticosterone acetate, the latter two compounds did not signifi- 
cantly influence the weight increase caused by estradiol. The weight 
of the prostate was slightly increased by progesterone and estradiol, 
but not by desoxycorticosterone acetate, and with combined treatment 
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Effect of Various Steroids On the Weight of the Accessory Sex Organs in Castrate Rats 


Body weight in gm. Seminal Preputial 
Treatment Dosage vesicle Prostate glands 
per day Initial Final in mg. in mg. in mg. 
Oil 55* 102 9.7 29 23 
(45-65) | (82-124) | (7.5-12) | (21-35) | (15.5-28) 
a-estradiol 4007 53 77 3 40 26 
(40-60) | (70-94) | (24-45.5) | (30-54) | (13-30) 
Progesterone 4 mg. 53 90 22.5 2.5 33 
(45-60) | (75-128) | (9-16.5) (31-53) (20-56) 
Desoxycortico- 4 mg 54-5 83 10 28.5 23 
sterone acetate (45-65) (75-97) (6-13.5) |(23.5-34.5)| (18-26) 
a-estradiol and 4007 53 82 38 40 20.5 
desoxycortico- (40-60) (67-89) (24-46.5) (20-48) (15-38) 
sterone acetate 4 mg 
a-estradiol and 400 ¥ 55 88 34 62 35 
progesterone 5 mg (40-62) (81-94) (25-43) (49-84) (24-47) 
a-estradiol 100 53 74 29 38 24 
(45-60) | (55-95) | (25-33) | (33-44) | (19-31) 
Progesterone Io mg 48 go 12.5 113 36 
(40-55) | (85-100) | (12-14) | (95-130) | (26-53) 
Desoxycortico- IO mg. 40 72 2 17 
sterone acetate (39-42) (70-75 7-10) (17-31) (10-20) 
a-estradiol and 1007 57 75 2 38 27 
desoxycortico- (50-70) (60-100) (24-35) (27-55) (19-36) 
sterone acetate | 10 mg. 
a-estradiol and 100¥ 55 SI i 116 37 
progesterone IO mg. (45-65) (75-90) (29-38) (78-146) (23-52) 


*In each instance the average weight is given in italics, and beneath it the range is in- 


dicated in parentheses. 
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with estradiol and progesterone or desoxycorticosterone acetate the 
actions of each of these compounds appeared merely to be summated 
without any indication of potentiation. The preputial glands were 
markedly stimulated by progesterone only and the effect was not no- 
ticeably influenced by simultaneous estradiol administration. 

Although the effect of the above three steroids on the gross weight of 
the accessory sex organs was merely additive, histological examination 
of the seminal vesicles revealed a curious change in the quality of the 
response to estradiol in the group in which this compound was ad- 
ministered in combination with progesterone. The epithelium of the 
seminal vesicles, which was not influenced either by progesterone or by 
estradiol alone, exhibited signs of marked proliferation and stratifica- 
tion in the group treated with both these compounds. Combined treat- 
ment with estradiol and desoxycorticosterone acetate did not elicit a 
similar epithelial proliferation in this experimental series. 

It is well known that desoxycorticosterone acetate and progesterone 
are chemically and pharmacologically closely related compounds. 
Chemically the former differs from the latter only in the presence of an 
acetoxy- group in position C2:, and pharmacologically both substances 
possess luteoid and corticoid activity. It was therefore decided to re- 
peat these experiments under otherwise identical conditions but giving 
a smaller dose of estradiol in combination with a larger dose of proges- 
terone and desoxycorticosterone acetate. It was hoped that under such 
conditions the similarity in the effect of the latter two compounds would 
become evident and the curious type of epithelial metaplasia more 
readily demonstrable. The average weights of the accessory sex organs, 
as well as other details of this experiment, are summarized in the last 
five horizontal sections of Table I. It will be seen that even at the very 
high dosage level of 10 mg. per day, neither desoxycorticosterone ace- 
tate nor progesterone caused any significant change in the weight of the 
seminal vesicles, but while desoxycorticosterone acetate was also with- 
out effect on the weight of the prostates and preputial glands, proges- 
terone definitely stimulated the latter two organs. In this, as in the first 
experimental series, the effect of the three steroids on the gross weight 
of the accessory sex organs was merely additive. 

Histologically the lining of the seminal vesicles in the groups treated 
with progesterone and desoxycorticosterone acetate consisted of a single 
layer of epithelial cells which were perhaps slightly larger than those of 
the controls treated with oil, but never showed any sign of stratification. 
Similarly, none of the animals treated with estradiol alone showed 
stratification of the epithelium in the seminal vesicles, although they 
did exhibit the usual fibromuscular proliferation. On the other hand, 


| 
f 
‘ 
E 


4 MASSON AND SELYE 


in the two groups receiving estradiol in combination with progesterone 
or desoxycorticosterone acetate, every animal exhibited marked pro- 
liferation and stratification of the epithelium and, although this never 
led to infiltration through the basement membrane into the muscular 
wall, it did, in many instances, completely obliterate the lumen of these 
glands. Histologically we are not dealing with a squamous metaplasia, 
but merely with a stratification of the epithelium, the cells of which 
retain their rather irregular cuboidal or polygonal shape. In certain in- 
stances we noted a good deal of sloughing of surface cells, which was 
reminiscent of holocrine secretion. Cornification was never observed. 
(Figs. 1 to 6.) 


DISCUSSION 


Our observations indicate that even compounds such as progesterone 
and desoxycorticosterone acetate, which have no obvious effect on the 
gross weight of the seminal vesicles in the castrate male rat, possess the 
latent potentiality of influencing these structures. This fact can be 
made obvious by administering these compounds in conjunction with 
estradiol. We were surprised to note, because of the previously men- 
tioned experiments of Burrows‘ and de Jongh, Querido and Stolte,® 
who prevented estrone from causing squamous metaplasia and keratini- 
zation by giving it in combination with progesterone, that combined 
treatment with progesterone or desoxycorticosterone acetate causes this 
type of epithelial metaplasia. It must be emphasized, however, that, 
unlike these investigators, we experimented on the rat and that the 
histological type of the metaplasia produced by us differs significantly 
from that seen by the earlier workers. In these short-term experiments 
combined treatment with progesterone or desoxycorticosterone acetate 
and estradiol never caused tumor formation, but it will remain for 
further experiments to show what the ultimate fate of this abnormal 
epithelial growth will be if treatment is continued over a long period. 

We omitted a detailed description of the histological appearance of 
the prostates and preputial glands since they showed no noteworthy 
change except that progesterone stimulated their epithelium, an effect 
which was not modified by estradiol. Metaplasia was never observed in 
these organs. In contradiction to Hooker and Collins,’® and in con- 


firmation of the work of Paschkis ** and Clausen,’* we can say that 
desoxycorticosterone acetate is not a testoid compound; that is, it does 
not stimulate the accessory sex organs of the castrate male when given 
by itself. Greene, Burrill and Thomson * and Clausen ** claimed that 
progesterone is definitely testoid as judged by its effects on the acces- 
sory sex organs of castrate males, but our experiments reveal that it 
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possesses only a stimulating action upon the prostate and preputial 
glands and fails to increase the weight of the seminal vesicles. 


SUMMARY 


Experiments on immature castrate albino rats indicate that treatment 
during 10 days with estradiol, progesterone, or desoxycorticosterone 
acetate alone causes no significant change in the epithelium of the 
seminal vesicles, but if the same dose of estradiol is given during the 
same time in combination with either progesterone or desoxycortico- 
sterone acetate, marked proliferation and stratification of the epithe- 
lium of the seminal vesicles is readily and consistently induced. 

As an incidental finding it is noted that in immature castrate rats 
desoxycorticosterone acetate in doses up to 10 mg. per day fails to in- 
crease the weight of the seminal vesicles, prostates, or preputial glands. 
Progesterone enlarges the prostates and preputial glands under similar 
conditions, but fails to increase the size of the seminal vesicles even 
at this high level of dosage. 


The expenses of this investigation were defrayed through the Blanche E. Hutchin- 
son Fund of McGill University, and the steroid compounds were kindly donated by 
Drs. E. Schwenk and G. Stragnell of the Schering Corporation of Bloomfield, 
New Jersey. 
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DESCRIPTION OF PLATE 


PLATE I 


Fic. 1. Seminal vesicle of castrate control animal treated with oil, showing poor 
development of epithelium and of fibromuscular coat. 


Fic. 2. Seminal vesicle of castrate rat treated with estradiol, showing proliferation 
of fibrous tissue and musculature without any significant change in the epithe- 
lium. 


Fic. 3. Seminal vesicle of castrate rat treated with progesterone. The epithelium is 
slightly higher than in the control but forms a single layer only. 


Fic. 4. Seminal vesicle of castrate rat treated with desoxycorticosterone acetate. 
The epithelium is slightly higher than in the control but forms a single layer 
only. 


Fic. 5. Seminal vesicle of castrate rat treated with estradiol and desoxycortico- 
sterone acetate, showing marked proliferation and stratification of the entire 
epithelial surface. 


Fic. 6. Seminal vesicle of castrate rat treated with estradiol and progesterone, show- 
ing stratification of epithelium similar to that seen in Figure s. 
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THE PRODUCTION OF CIRRHOSIS IN THE LIVER OF THE NORMAL 
DOG BY PROLONGED FEEDING OF A HIGH-FAT DIET * 


By I. L. Cuarxorr, M.D.,* K. B. M.D., C. L. Connor, M.D.,+ and 
C. ENTENMAN, Ph.D. 


(From the Divisions of Physiology (Berkeley, Calif.) and Pathology (San Francisco, 
Calif.) of the University of California Medical School) 


The first experimental indication that the long-continued presence of 
large amounts of fat in the liver gives rise to fibrosis was obtained in 
the completely depancreatized dog kept alive with insulin.’ When 
maintained on a diet of lean meat, sucrose, salts and vitamin supple- 
ments, depancreatized dogs develop fatty livers.* Although as much as 
32 per cent of fatty acids may appear in the liver as early as 3.5 weeks 
after excision of the pancreas, the rate of infiltration of fat in the liver 
is highly variable.* It required about 16 weeks for all livers to attain a 
fatty-acid content in excess of 15 per cent. Once attained, however, 
fatty livers remain in such animals for long periods, and in one dog such 
a liver was observed as late as 3 years after pancreatectomy. But if the 
animals survived long enough, a spontaneous decline in the fat content 
of the liver might occur. In three dogs that survived from 4.2 to 5.5 
years, nearly normal percentages of fatty acids were found, although 
the total amount of fatty acids present was still in excess of the normal 
because the size of the liver failed to regress as the fat left it. 

The earliest evidence of hepatic fibrosis in a depancreatized dog was 
observed at an interval of 1.5 years after pancreatectomy.’ Hepatic 
fibrosis developed in 8 of 16 dogs that had been kept alive from 2.6 to 
5.5 years. In 4 of these, well advanced portal cirrhosis of the liver was 
found. By the time the most severe type of cirrhosis appeared, the fat 
content of the liver had been reduced to normal, and these livers showed 
little or no evidence that a marked infiltration had preceded the fibrosis. 

The present report demonstrates that fibrosis and cirrhosis of the 
liver develop in normal dogs when their livers are kept excessively fatty 
by the continued administration of a high-fat diet.* This new observa- 
tion involving fatty livers of dietary origin, together with that previ- 
ously made on the depancreatized dog '—that the fatty liver occurred 
even though the diet fed was relatively low in fat—establishes a high 


* Aided by grants from the Christine Breon Fund for Medical Research. Assistance 
was furnished by the Works Progress Administration (Official Project No. 65-1-08-652 
Unit A6). 

Received for publication, March 3, 1942. 
+ Fellow of the John Simon Guggenheim Memorial Foundation. 
+ Deceased. 
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fat content in the liver as an important causative agent in the produc- 
tion of hepatic cirrhosis. 


EXPERIMENTAL FINDINGS 


The dogs recorded in this study were fed twice daily, at 8:00 a.m. 
and at 4:00 p.m., a mixture of lean meat, lard and bone ash. Each dog 
received daily 7 gm. of lean meat and 1o gm. of lard per Kg. of its 
initial body weight, and 1 to 3 gm. of bone ash with each meal. Vita- 
mins A and D were supplied as cod-liver oil, and the vitamin B complex 
as Galen B (Vitab, type II, liquid *). One gm. of Cowsgill’s salt mix- 
ture ° was added to the evening meal. 

Considerable variation was observed in the appetites of the dogs for 
this high-fat diet. All food not voluntarily eaten was force-fed. The 
dietary intake of each dog is recorded below: 

Dog F-3. Ate well throughout experiment. Vomited only four times. 

Dog F-6. Ate well for first 89 weeks, without vomiting. For the next 
month it was force-fed but vomited frequently. It then regained its 
appetite and continued to eat well, with only infrequent vomiting, until 
the 159th week. For the remainder of its period of survival it had to be 
force-fed every other meal, but vomited infrequently. 

Dog F-20. Was force-fed throughout the period of observation. No 
vomiting occurred for the first 5 months, but for the next 2 months it 
vomited after almost every meal. No vomiting was then observed until 
the last 8 days of survival. 

Dog F-28. Survived for 155 weeks. With the exception of 7 weeks 
it received the high-fat diet during the entire period of observation. 
The feeding of the high-fat diet was interrupted on two occasions, at 8 
months and 15 months after the start of the experiment. During these 
two interruptions (7 weeks in all) it received a lean-meat diet supple- 
mented with bone ash, Cowgill’s salt mixture,” cod-liver oil and Galen 
B. Force-feeding of the high-fat diet was resorted to almost entirely. 
Vomiting occurred only infrequently. 

Dog F-29. Force-fed throughout; no vomiting. 

Dog F-33. Ate well for first 2 months. Force-feeding was necessary 
thereafter, except for occasional meals. Vomited infrequently. 

Dog F-39. Ate well for first 2.5 months. Force-fed thereafter. 
Vomited infrequently. 

Dog F-4o. Ate well for first 15 days. Force-fed every meal there- 
after. 

Dog F-41. Ate well for first 2 months. Thereafter was force-fed the 
high-fat diet except for short intervals of 3 and 2 weeks, during which 


* This concentrate was generously supplied by the Vitab Corporation, Emeryville, 
Calif. 
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time fat was excluded. No vomiting occurred until the last 18 days, 
when this became frequent. 

Dog F-43. Force-fed throughout. No vomiting. 

Dog F-44. Ate well for first 2 months. Force-fed thereafter. 
Vomited only during last 3 days. Fat removed from diet for 1 month, 
i.e., between 4th and 5th month. 

Dog F-45. Force-fed throughout. No vomiting. 

Dog F-46. Force-fed throughout. Vomited infrequently during last 
month. 

Dog F-48. Ate well for first 6 months. Force-fed thereafter. Vomited 
every third meal during last 10 days of its survival. 

Dog F-49. Ate well during first to months. Force-fed every meal 
thereafter. Vomited occasionally during first 8 months; not at all 
thereafter. 

Dog F-50. Ate well for first 8 months. Force-fed thereafter. 
Vomited frequently during entire period of observation. 

Dog F-59. Ate well for first 2 months. Force-fed thereafter. No 
vomiting for first 5 months, but vomited frequently during remainder 
of period. 

The following stains were used for microscopic examination of the 
livers: hematoxylin and eosin; aniline blue for connective tissue; 
phosphotungstic acid and hematoxylin for connective tissue; hema- 
toxylin and van Gieson’s for connective tissue; sharlach R for fat. 
Hematoxylin and van Gieson staining for connective tissue was found 
most satisfactory for black and white photographic reproduction. 

The method employed for the determination of fatty acids has been 
described elsewhere.® A mixed sample of the whole liver was used for 
this analysis. 

RESULTS 


The pathologic changes observed in the livers of the 17 dogs recorded 
in Table I have been grouped according to the progress of the lesion. 
It should be recognized, however, that very sharp distinctions cannot 
be made because of imperceptible transitions from one phase to an- 
other. In group I have been recorded the livers showing the earliest 
changes; this consisted of fatty infiltration of the liver cells. Group II 
includes the livers that showed an increased prominence of the intra- 
lobular or intercellular connective tissue, as well as those in which an 
actual fibroblastic proliferation and diffuse cirrhosis were observed. 
Livers showing nodular cirrhosis have been placed in group III; this 
resulted from a regeneration of liver cells that had been divorced from 
their normal portal and central relationship by the fibrosis. Five of the 
livers fall into group I, 10 into group II and 2 into group III. 
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Early Fatty Changes in the Liver 
(See Fig. 1) 


The liver of dog F-46 is representative of the accumulation of ab- 
normal amounts of fat within the liver cells at a stage in which no in- 
crease in connective tissue has yet occurred. This animal was sacrificed 
after it had been maintained for 3.2 months on the high-fat diet. Its 
liver was not unusual in gross appearance except for its fattiness. It 
contained 23.6 per cent fatty acids. 

Microscopically, the liver showed a peculiar type of fatty infiltration 
similar to that noted in other animals of this series. Fat was present in 
all liver cells, generally in fine vacuoles, so that it more nearly re- 
sembled glycogen storage. Some cells, however, contained large fat 
globules. The cells distended with vacuoles tended to be larger than if 
they had been filled with glycogen. With a fat stain (sharlach R) the 
livers of this group showed fat in very large amounts in practically 
every hepatic cell. The cell membranes were generally more conspicu- 
ous than normal, each cell being separated by a rather wide, deeply 
staining, limiting membrane. There was no visible increase in con- 
nective tissue. 

Variations. In an animal sacrificed after only 35 days (F-3), the 
liver contained 30 per cent of fatty acids. The fat had a midzonal dis- 
tribution although many whole lobules were affected. In an animal 
sacrificed after 5 months and 18 days (F-43), a hyaline atrophy of the 
cells was observed around the portal spaces. These particular cells con- 
tained neither fat nor glycogen, although elsewhere in the lobule practi- 
cally every cell was filled with fat. 


Fibrous Changes in the Liver 
(See Figs. 2, 3 and 4) 


The pathologic changes in the livers of this group ranged from a 
slight but definite proliferation of young connective tissue (which ex- 
tended out from portal areas) to an extensive diffuse fibrosis that ap- 
peared to follow no particular arrangement or pattern. The earliest 
changes occurred in relation to the portal spaces. In more advanced 
cases thin strands of connective tissue surrounded many of the lobules 
and also extended into the lobules to the vicinity of the central veins. 
This fibrosis proceeded without regard to portal or central relationship, 
so that the fully developed picture was that of an aimless proliferation 
of fibrous connective tissue involving the entire liver and ignoring its 
normal architecture. The following description is representative of the 
group. 

Dog F-48. This animal died after it had been maintained on the 
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high-fat diet for 1 year and 3 weeks. The liver was greenish yellow in 
color and smooth on the surface. The cut surface was mottled with bile, 
and the tissue throughout seemed firmer than usual. Microscopically, 
the liver showed considerable fat and a great deal of bile, the bile 
having collected in the interstitial tissue and in many cells. The marked 
proliferation of connective tissue, which was found throughout the liver, 
bore no relation to the portal areas or to the lobules. The lobular 
arrangement had entirely disappeared. The connective tissue had 
grown in no definite or characteristic manner but was found everywhere 
infiltrated between cells, sometimes in large amounts, sometimes in thin 
strands. This actively growing connective tissue had incorporated 
many degenerating liver cells as it infiltrated the normal tissue. 


Nodular Cirrhosis of the Liver 
(Figs. 5, 6 and 7) 


The two livers of group III (F-6 and F-49) differed from those of 
the preceding group in having present a distinct nodular or adenoma- 
toid hyperplasia of islands of liver cells. The fibrosis was general, as 
in the livers of group II. But the diffuse and aimless distribution of the 
connective tissue had so changed that now slender strands or thick 
bands of fibrous tissue completely surrounded masses of liver cells. 
These masses of liver cells were lacking in their usual portal or central 
connections. The nodules were of all sizes and were scattered through- 
out the liver. The following description is that of the liver of dog F-6. 
This animal was sacrificed after it was kept on the high-fat diet for 
about 42 months. 

The gross appearance of the liver was striking. It had a yellowish 
tawny color and was extremely irregular in shape. Its borders were 
sharp except at the lower edge of the right lobe, where, because of the 
nodules present, the border was rounded. The surface was nodular, the 
nodules ranging in size from a few millimeters to 2 cm. in diameter. 
These projected above the surface of the liver as much as 1 cm. Some 
were practically extruded and connected with the liver by a bit of 
capsular material. The four lobes consisted entirely of adenomatous 
masses of liver tissue. On first impression it suggested a carcinoma of 
the hepatoma type, but on section it looked like a remarkable adenoma- 
toid hyperplasia in a cirrhotic liver. 

Microscopic Examination. Most of the liver cells appeared siete 
normal, except that they were not aligned in cords and had lost their 
relation with central veins and portal areas. They resembled post- 
mortem liver cells in that they contained little or no glycogen, this 
presumably having been hydrolyzed. The cells were grouped into 
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rounded masses by either thick or thin strands of connective tissue 
that gave the liver the adenomatous picture described above. These 
areas varied in size from microscopic to very large nodules observed 
grossly. The cells within adenomatous areas contained considerable fat 
in large or small vacuoles and were similar to the cells in the smaller 
nonnodular patches of diffuse fibrosis. In some nodules there had been 
a diffuse proliferation of connective tissue; as noted above, these did 
not have the normal liver structure and seemed obviously to be regen- 
erated hyperplastic liver tissue. Some cells contained two nuclei, but 
mitotic figures were not seen. Bile was present in large inspissated 
clumps, distended canaliculi and filled some of the smaller bile ducts. 
In the connective tissue radiating from portal areas there were many 
newly formed bile ducts, some with several layers of epithelium. Many 
such ductlike structures had no lumina. The condition was a remark- 
ably good example of diffuse cirrhosis of the liver with bile-duct pro- 
liferation, bile retention and adenomatoid regeneration. 


DiscuUSSION 


The results of this investigation demonstrate the occurrence of a 
diffuse cirrhosis of the liver in dogs maintained on a high-fat diet. The 
first deviation from the normal was the accumulation of fat within the 
liver cells. This ranged from small, fine droplets to large globules which 
distended and distorted the liver cell. Practically every liver cell was 
affected. The cell boundaries became more distinct so that the cells 
were sharply outlined. This was accompanied by a hyaline atrophy or 
coagulative degeneration affecting cells adjacent to the portal veins. 
This picture was supplemented by the appearance of connective tissue 
fibers which first extended out from the portal spaces. Later there ap- 
peared a diffuse proliferation of connective tissue without regard to the 
normal architecture of the liver. In several cases the fibrosis was ac- 
companied by bile-duct proliferation. In cases of longer duration, more 
or less distinct circumscribed nodules of regenerating liver cells were 
seen, while in two animals that survived more than 1 year a cirrhosis 
with discrete gross and microscopic nodules of hyperplastic liver tissue 
was observed. 

It would seem that the diffuse fibrosis and cirrhosis observed in these 
dogs was produced by a low-grade injury maintained over a long period 
of time. That the injury to the liver was of mild degree was evident by 
the very slight or almost complete absence of inflammatory reaction. 
Neither inflammation nor infection appeared to be involved here, for no 
pathologic findings other than the liver fibrosis were observed in these 
dogs at autopsy. The coagulative degeneration of some of the liver 
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cells no doubt aided in stimulating fibrosis. Another factor to be con- 
sidered here is interference in the hepatic circulation, since congestion 
was noted in several of the livers examined. Whether or not large 
amounts of neutral fat within the hepatic cell act as a direct stimulus to 
fibroblastic proliferation cannot be determined by the observations re- 
corded here. 

SUMMARY 


1. Diffuse cirrhosis of the liver was produced in the normal dog by 
the long-continued administration of a high-fat diet. 

2. The hepatic lesions produced varied from early, slight or diffuse 
fibrosis to very nodular cirrhosis in which adenomatous regeneration 
had occurred. 

3. The results of the present investigation point to continued fatty 
infiltration as an important causative factor in the production of liver 
cirrhosis. 
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DESCRIPTION OF PLATES 


PLATE 2 


Fic. 1. Dog F-29. Peculiar type of fatty infiltration in large globules and in fine, 
small vacuoles resembling glycogen storage. This liver contained 35.4 per cent 
fatty acids. Hematoxylin and van Gieson stain. X 530. 


Fic. 2. Dog F-59. Very fatty liver with early diffuse increase in connective tissue. 
This liver contained 37.4 per cent fatty acids. Hematoxylin and van Gieson 
stain. X 530. 


Fic. 3. Dog F-44. Diffuse fibrosis disrupting the usual lobulated appearance of the 
liver. This liver contained 16.4 per cent fatty acids. Hematoxylin and van 
Gieson stain. X 130. 
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PLATE 3 


Fic. 4. Dog F-39. A good example of the pure fat type of cirrhosis. There is a 
great deal of relatively young and actively proliferating connective tissue. This 
liver contained 14 per cent fatty acids. Hematoxylin and van Gieson stain. 

150. 


Fic. 5. Dog F-6. Cirrhosis of the liver with adenomatoid hyperplasia. 
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PLATE 4 


Fic. 6. Dog F-49. Advanced cirrhosis of the liver with a circumscribed nodule 
isolated from the portal vein. This liver contained 13.6 per cent fatty acids. 
Hematoxylin and van Gieson stain. X 4o. 


Fic. 7. Connective tissue proliferation in the liver of dog F-49 showing an incipient 


nodule not fully encapsulated. Hematoxylin and van Gieson stain. 150. 
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PATHOLOGY OF STAPHYLOCOCCAL PNEUMONIA COMPLICATING 
CLINICAL INFLUENZA * 


Oscar J. WoLLteNMAN, JrR., M.D., and Maxwe Frinranp, M.D. 


(From the Mallory Institute of Pathology and from the Thorndike Memorial Laboratory, 
Second and Fourth Medical Services (Harvard), Boston City Hospital, and the Depart- 
ment of Medicine, Harvard Medical School, Boston, Mass.) 


From the latter part of December, 1940, through most of January, 
1941, there occurred an outbreak of acute respiratory infections in and 
around Boston. Some of the epidemiological, clinical and laboratory 
aspects of this epidemic were reported by Pearson, Eppinger, Dingle 
and Enders.’ These authors succeeded in isolating influenza A virus 
from typical uncomplicated cases. They also presented serological evi- 
dence that a large number of patients with pneumonia who were ad- 
mitted to the Boston City Hospital during this time had had contact 
with influenza A virus, suggesting a possible relation between the two 
diseases. Among the patients with pneumonia who were seen during 
this period, there was an unusually large number in whom Staphylo- 
coccus aureus was the only, or the predominant, organism found in cul- 
tures from sputum, lungs, blood, or pleural fluid. A brief account of 
some of the latter cases has already been given.” We wish here to pre- 
sent the pathological features of the staphylococcal pneumonias ob- 
served during this influenza outbreak. 

The association of the staphylococcus with certain cases of broncho- 
pneumonia has been recognized since the influenza pandemic of 1889. 
During that epidemic and even earlier, necrosis of the bronchi and 
alveolar structure of the lung occurring in cases of influenzal pneumonia 
had been noted by a number of writers and staphylococci had been 
cultured from some cases.’ Netter,* in a study of the bacteriology of 
bronchopneumonia, found staphylococci in 3 of 39 cases in adults from 
whom a single organism was obtained in pure culture and in 8 of 14 
additional patients with mixed infections. Two of those with pure cul- 
tures of staphylococcus had multiple disseminated foci (abscesses?) 
and in the third there was “‘splenization” of the lungs. In infants and 
children he found staphylococci in 5 of 25 cases that yielded pure cul- 
tures and in 8 of 17 patients with multiple organisms. For the pneu- 
monias complicating “la grippe” in 1889-90, he stated that there was 
unanimous agreement that the organisms were similar to those of other 
bronchopneumonias. He found staphylococci in 2 of 8 such cases, 1 
associated with pneumococcus and the other with a streptococcus. 
Fraenkel ° noted multiple abscesses in the influenzal bronchopneu- 


* Received for publication, April 2, 1942. 


23 


| 
| 
} 
= 


24 WOLLENMAN AND FINLAND 
monias that occurred in 1889 and described them as characteristic of 
the pathology of staphylococcal infection in the lungs. 

During the pandemic of 1918, the staphylococcus was not an im- 
portant causative organism in any significant portion of the complicat- 
ing pneumonias that were studied carefully by many different observ- 
ers. There were some exceptions, notable among which were the cases 
reported by Chickering and Park ° from Camp Jackson. In this camp 
the staphylococcus played the predominant role in the severe pneu- 
monias observed during the influenza epidemic. Among 1409 patients 
with pulmonary complications, there were 385 deaths. Cultures, made 
from the lungs of 312 of the fatal cases, yielded a staphylococcus as the 
only or predominant organism in 153 instances. The disease in these 
cases was often fulminating, but if it was of long enough duration it 
was characterized by innumerable abscesses in the lung. In the patients 
who died earlier in the disease microscopical sections of the lungs 
showed intense congestion with rupture of alveolar walls and exudation 
of red cells and serum into the alveoli. 

The report from no. 3 Canadian General Hospital’ indicated that 
there the staphylococcus was next in importance only to the influenza 
bacillus. A study of 86 fatal cases of pneumonia in this hospital re- 
vealed all the various pathological findings described as characteristic 
of the pulmonary complications of influenza: bronchitis; peribronchial 
abscesses, scattered or clustered; bronchopneumonia, nodular or inter- 
stitial, with hemorrhage, congestion and edema; bronchiectasis, espe- 
cially in the cases of longer duration; lobular pneumonia with 
abscesses; diffuse congestion and edema in the rapidly fatal cases; 
areas of collapse; hemorrhagic infarcts; emphysema with bullae; non- 
purulent effusions in many instances and thin or thick pus in others; 
subpleural hemorrhages in most cases, and diffuse congestion of the 
trachea (but not the larynx). Bacteriological studies were done in 67 
of these cases. Staph. (mostly aureus) was found as the only or pre- 
dominant organism in 14 (21 per cent) of the lungs, as compared with 
30 cases (45 per cent) in which influenza bacilli were obtained. Alto- 
gether, the staphylococcus was found in 51 cases (76 per cent) while 
influenza bacilli were identified in 90 per cent of the cases from one 
source or another. Cultures of the heart’s blood were done in 50 of 
these cases and 25 were positive. Staph. aureus was obtained in 8 cases, 
the influenza bacillus in 2 and pneumococci or streptococci in the oth- 
ers. It is of interest that at the no. 5 General Hospital and no. 25 
Stationary Hospital the staphylococcus was obtained from only 1 of 
44 blood cultures and was not recovered from any of the cultures of 
the lungs or bronchi in 46 similar cases.* 

Staph. aureus also played an important part in the complications 
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of influenza noted in the military hospital at Malta.° Among 50 cases, 
this organism was predominant in the sputum of 7 out of 9 fatal cases 
and in g patients who recovered from severe infections. In 9 of 11 
autopsies there was evidence of infection with staphylococcus. All had 
extensive congestion and edema, but bronchopneumonia was not al- 
ways widespread. In the involved areas the exudate was scanty, but 
there was a tendency to abscess formation. Empyema was found in 
3 cases, all of which yielded Staph. aureus. 

In a study by Winternitz, Wason and McNamara "’ of 82 autopsies 
in cases of influenza at New Haven, the staphylococcus was found 
alone in the lungs in only 1 case. It was recovered with other organ- 
isms in 1g cases, including 4 of the 34 acute cases, 9 of the 36 with 
necrotizing, and 6 of the 12 with organizing, pneumonia. Winternitz 
and his co-workers, in commenting on Chickering and Park’s ° obser- 
vations, noted that necrotization and abscess formation were striking 
features of the pathology of the epidemic even when the staphylo- 
coccus was not found. They could demonstrate no relation between 
the bacteriological findings and the distribution or the type of the 
pneumonic process, and that was also the experience of the no. 3 
Canadian General Hospital.‘ 

The pathological picture in the lungs which was so consistently 
observed in the 1918 pandemic has also been thoroughly described by 
numerous other workers, notably MacCallum," Goodpasture and Bur- 
nett,” Goodpasture ** and Wolbach."* All of the latter writers, as 
well as Winternitz, Wason and McNamara," described a hyaline mem- 
brane in the dilated bronchioles, in the alveolar ducts and sometimes 
in the subtended alveoli. There was always an associated necrotizing 
process of the tissue with an acute exudative reaction, hemorrhage, 
edema and necrosis of alveolar walls. Goodpasture ** found the hya- 
line membrane in 70 per cent of cases examined at the height of the 
epidemic. In cases of secondary infection, however, the membrane 
was replaced by an extensive necrosis of the pulmonary tissue. Later, 
however, Brannan and Goodpasture * presented evidence to indicate 
that the hyaline membrane was not pathognomonic of influenza but 
probably represented a nonspecific toxic injury to capillaries. Farber 
and Sweet *® demonstrated similar membranes in the lungs of infants 
who had aspirated amniotic sac contents. Farber and Wilson ™ also 
observed them in the lungs of children with lobar pneumonia or with 
streptococcal or tuberculous pneumonia, and they were able to repro- 
duce the membrane experimentally in living or dead animals by the 
intratracheal inoculation of exudates followed by vigorous artificial 
respiration. 

In the course of a mild epidemic of influenza that occurred in Eng- 
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land in December, 1936, and January, 1937, Stuart-Harris, Andrewes 
and Smith ** found the commonest lesion to be “bronchiolitis.” Be- 
cause of the relative frequency with which influenza virus was isolated 
from cases with such lesions, they felt that this was essentially a true 
influenzal condition. The fulminating pneumonias, which were rela- 
tively few in that epidemic, they felt were almost certainly due to 
infection with both virus and Staph. aureus, a combination which was 
demonstrated in the lungs of 3 such fatal cases. The pathological 
findings in 1 of the latter cases were described by Scadding’® and 
consisted essentially of fibrinous pleuritis, necrotizing tracheitis and 
bronchitis, and congestion of the lower lobes with less involvement 
of the apices. Histologically, there was a necrotizing alveolitis with 
hemorrhage filling the alveoli in infarctlike fashion. In limited areas 
there were small abscesses, 2 to 3 mm. in diameter; especially in these, 
but also throughout the affected areas, there were numerous small 
groups of gram-positive cocci. 

Another single case in which both virus and Staph. aureus were 
isolated from the lung was reported by Stokes and Wolman.*’ This 
was a fulminating, edematous pneumonia without abscesses or hemor- 
rhage. The patient showed a marked drop in neutrophilic leukocytes 
before death. The blood culture on the day before death yielded Staph. 
aureus, but culture of the heart’s blood was sterile. This patient had 
been treated 3 weeks previously for a furuncle of the nose from which 
staphylococci were cultured, and there was a healing furuncle of the 
thigh at the time of the fatal illness. 

Groups of sporadic cases of staphylococcal pneumonia not asso- 
ciated with definite outbreaks of influenza have been reported by a 
number of writers and appear to be more frequent in children than 
in adults.“’-* In some of these cases the disease is preceded by 
symptoms suggesting clinical influenza, while in many the pulmonary 
lesions are associated with staphylococcal infection elsewhere in the 
body. Reimann ~’ found Staph. aureus to be the predominant or only 
organism in 10 per cent of 700 cases collected from the literature. In 
Habbe’s autopsies,-~ which are included in Reimann’s series, staphylo- 
cocci were found in pure culture in 7 of 93 cases of endemic broncho- 
pneumonia and in 2 of 131 cases of lobar pneumonia, while among 
20 cases of influenzal (“grippe’’?) pneumonia they were found eight 
times in pure culture and five times as a mixed infection associated 
with streptococci, influenza bacilli, or pneumococci. Reimann * also 
described 6 cases of so-called primary staphylococcal pneumonia, 3 
of which began after an influenzalike infection. All of the 6 cases 
presented clinical evidence of suppuration and abscess formation, but 
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only 2 of the patients died. The latter showed the typical pathological 
findings already mentioned. 

Macgregor ** reported autopsy findings in 10 cases of staphylococcal 
pneumonia in infants and children, 8 of whom were less than 1 year 
old. These cases occurred in one hospital during a period of 10 months. 
Four of the cases had early changes with massive consolidation in 
one or more areas of the lungs and serofibrinous pleural effusion. 
Hemorrhage and early onset of suppuration, especially of the bronchi 
and lymph vessels, were constant features. The other 6 cases were 
in a later stage and showed abscess formation, empyema and pyopneu- 
mothorax. Kanof, Kramer and Carnes ~° reported 37 cases in infants 
and children in which the staphylococcus was considered the etiological 
organism. In 25 of these patients the symptoms were similar to those 
of other pneumonias and the chief pathological findings were abscesses 
and empyema. The remaining cases had a picture predominately of 
sepsis with extrapulmonary foci of suppuration. There was no ten- 
dency for the cases to occur in epidemics. Cohen *° reviewed some of 
the literature pertaining to staphylococcal infections of the respiratory 
tract. He estimated that in adults 1.6 to 1.8 per cent of all pneumonias 
and ro per cent of bronchopneumonias are caused by staphylococci, 
while 10 per cent of all primary pneumonias in infants and children 
are due to this organism. Infants quickly develop empyema or pyo- 
pneumothorax, while older children, like adults, develop purulent 
bronchopneumonia but rarely have pleural complications. Gaspar,” 
reviewing the autopsy material of the Rochester General Hospital for 
1933-1939, found the staphylococcus to be the only or the predominant 
organism in 38’of 144 pneumonias (26 per cent). Twenty of these 
38 patients were in the first year of life and 8 others were between 
2 and 10 years old. Bronchitis and tracheitis were constant. In the 
newborn the picture was one of hemorrhagic lobar or lobular pneu- 
monia. In older babies there was often gray consolidation. At times 
there were pin-sized to pea-sized abscesses or consolidation arranged 
around bronchioles. Empyema was frequent and sometimes bilateral. 
Melton ** reported 4 cases of staphylococcal lung infections in which 
recovery was attributed to treatment with sulfathiazole. Interestingly 
enough, these cases all occurred late in January and early in February, 
1941, and in one of them the history suggested that the pneumonia 
was a complication of clinical influenza.* 

The necropsy material to be presented consists of 8 cases; 4 of these 

* Since this paper was completed, there have been reported two groups of cases simi- 
lar to the acute cases to be described here. It is of note that the reported cases from 


Boston 29 as well as from Durham, North Carolina 39 occurred during the period of the 
influenza epidemic which we have studied. 
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are considered to be acute staphylococcal pneumonia on the basis of 
the clinical course and pathological findings, while the remaining 4 
are classified, by contrast, as chronic, or organizing, staphylococcal 
pneumonias. One of the acute cases had a fulminating course; death 
occurred 6 days after the onset of symptoms of influenza and less than 
36 hours from the time when the pneumonia presumably began.* In 
the other 3 acute cases death occurred from 6 to 8 days after the onset 
of influenza and 3 to 5 days after the appearance of severe symptoms 
of pneumonia. One of the latter patients was 65 years old; the other 
3 were in their forties. In the 4 chronic cases, the duration of the 
severe respiratory symptoms was estimated at 15, 22, 25 and 46 days, 
respectively. The longest illness was in a patient of 50 years; the 
other 3 patients were over 70 years of age. 


BRIEF SUMMARIES OF CASE HISTORIES 


Case 1. Female, 46 years old. “Influenza” began January 4th, after the patient 
nursed her mother who had “grippe” from January 1st to 3rd. At 10:00 a.m., Janu- 
ary 8th, some hoarseness and fever and rhonchi were heard over the sternum. At 
8:00 p.m., sudden extreme dyspnea and cyanosis. At 10:00 p.m., dullness over right 
lower lobe, fine rales throughout both lungs; temperature, pulse and respirations in- 
creased. Scanty blood-streaked sputum, showing gram-positive cocci. Blood culture: 
Staph. aureus. Sulfathiazole and oxygen therapy begun. January gth at 8:00 a.m., 
blood culture was negative; leukocytes, 800, and erythrocytes, 4,800,000; hemo- 
globin, 80 per cent. At 11:00 a.m., leukocyte count, 850. Remained semicomatose 
after 10:00 a.m.; lungs “filled up” rapidly; respirations became increasingly rapid 
and shallow and the patient died at 3:30 p.m. 

Autopsy was performed 1% hours postmortem. The pleural cavities showed no 
excess of fluid; there were a few old basal adhesions of the right lower lobe. The 
right lung weighed 1125 gm., the left, 400 gm. The lungs showed a fulminating 
hemorrhagic pneumonia. There was slight granulocytic hyperplasia of the bone 
marrow. There were no other significant pathological findings. Pure cultures of 
Staph. aureus were obtained from two sites in the right lung and one in the left 
lung. Culture of the heart’s blood showed no growth. 

Case 2. Female, 43 years old. Influenza began January 7th. On January goth, the 
patient had shaking chills and cough with blood-tinged sputum. January roth, there 
was marked dyspnea, prostration, increasing cough and presternal soreness. January 
11th, at noon, crepitant rales were heard over the left lower lobe and sonorous 
rales bilaterally. The temperature was 103° F. Blood culture and sputum (mouse 
inoculation) yielded hemolytic streptococci. Leukocytes, 14,200. On January 12th, 
leukocytes, 11,000. There was a rapidly downhill course with increasing dyspnea, 
irregular, deep respirations, livid cyanosis and extension of the signs of consolidation 
to involve most of the lung. Death occurred at 1:00 a.m. on January 13th. 

Autopsy was performed g hours postmortem. The pleural surfaces showed fibrin- 
ous and fibrous adhesions radiating from the hilus posteriorly, superiorly and in- 
feriorly, and the left pleural cavity contained 500 cc. of thin amber fluid. The 
pericardial cavity was completely obliterated by fibrous adhesions, very dense and 
adherent except along the right auricle, where they could be separated easily and 

* The autopsy in this case was performed by Dr. E. B. Fisk at the Waltham Hospital, 
and the clinical and pathological material was made available to us through the courtesy 
of Dr. George E. Currier and Dr. Sidney C. Dalrymple. 
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offered no obstruction to the vena cava. The right lung weighed 980 gm.; the left, 
700 gm. Both lower lobes and the right middle lobe contained numerous discrete 
and confluent acute necrotizing abscesses arranged in relation to the bronchi. There 
was a necrotizing bronchitis and bronchiolitis. The other organs were not remark- 
able. Bacteriology: heart’s blood, no growth; pleural fluid and left lower lobe, 
Staph. aureus and Streptococcus hemolyticus; right middle and lower lobes, pus 
from abscess in left lower lobe and the right pleura, all yielded only Staph. aureus. 
A ferret inoculated intranasally with a suspension from this patient’s lung developed 
no signs of infection but proved refractory to subsequent inoculation with influenza 
A. The ferret’s serum taken prior to the second inoculation protected mice against 
infection with this strain of virus.? 

Case 3. Male, 46 years old. This patient had diabetes and had lost 4o lbs. during 
previous 8 months. January gth, sudden onset of weakness. January 13th, slight 
pharyngeal injection, few crepitant and sibilant rales at the lung bases; tempera- 
ture, normal; leukocytes, 6300. Diabetes readily controlled with insulin. January 
15th, sudden marked prostration, dyspnea, fever and rapid pulse. Sputum culture: 
Staph. aureus predominating, and a few hemolytic streptococci. Sulfathiazole treat- 
ment begun. Dyspnea and cyanosis increased, signs in the lung extended rapidly and 
the patient died at 6:00 p.m., January 16th. 

Autopsy was performed 17 hours postmortem. The pleural cavities contained a 
small amount of pleural fluid, 15 cc. in the left and 20 cc. in the right. There were 
fibrinous adhesions at both bases. The heart weighed 290 gm. and was normal ex- 
cept for slight coronary atherosclerosis. The right lung weighed 1160 gm. and the 
left, 960. Both lungs showed numerous acute abscesses, parenchymal hemorrhage 
and edema and necrotizing bronchiolitis. The liver weighed 1750 gm. and showed 
moderate fatty metamorphosis and minimal glycogen storage. The kidneys were 
pale and slightly increased in size (combined weight 420 gm.). Microscopically there 
was evidence of a moderate amount of glycogen storage in the tubular epithelium of 
the loops of Henle. Bacteriology: The heart’s blood showed no growth; cultures 
from both lower lobes yielded a heavy growth of Staph. aureus and a few alpha 
hemolytic streptococci. 

Case 4. Male, 65 years old. Influenza with cough and scanty sputum began Janu- 
ary 6th. Cough increased January gth and was accompanied by pain in the right 
side of the chest. January 12th, sudden marked dyspnea. January 13th, at 9:00 
p.m., intense cyanosis, restlessness and air hunger. Areas of consolidation in both 
lungs, more on the right, with numerous scattered rhonchi. Temperature, 103.4° F.; 
pulse, 120; blood pressure, 170/80; blood culture yielded no growth. The patient 
died at 2:00 p.m. on January 14th. 

Autopsy was performed 2 hours postmortem. The pleural surfaces of both lungs 
were covered with fibrinous exudate. There were 700 cc. of turbid yellow fluid in 
the right pleural cavity and 75 cc. of similar fluid in the pericardial cavity. The 
heart weighed 460 gm. and showed slight hypertrophy of the myocardium of both 
ventricles. Histologically, there was no evidence of pericarditis, nor did the heart 
muscle appear remarkable. The right lung weighed 1000 gm. and the left, 600. 
There was a healing infarct 3 by 4 cm. in diameter in the right upper lobe. The 
lungs showed hemorrhage, edema, necrotizing bronchitis and abscess formation. The 
liver weighed 2450 gm. and showed moderate central congestion. Staph. aureus was 
grown in pure culture from the lungs, and from the pleural and pericardial fluids. 

Case 5. Female, aged 74 years. Admitted on January 12th, irrational. Severe dry 
cough since January sth. There was Paget’s disease of the skull, emphysema and 
auricular fibrillation. Blood pressure, 160/100. The patient was digitalized. There 
was an irregular low-grade fever. Leukocytes, 11,600. Sputum culture: Staph. 
aureus, type 17 pneumococcus and alpha streptococci. January 17th, notwithstand- 
ing signs of bilateral bronchopneumonia, the patient’s condition was improving and 


30 WOLLENMAN AND FINLAND 
she was sitting up in bed. On January roth, the patient again became irrational and 
thereafter the course was rapidly downhill with increasing dyspnea. 

Autopsy was performed 45 hours postmortem. There were a few yellow-gray 
fibrinous bands on the pleura over the right upper lobe and some fibrinous patches 
over the lateral surfaces of both upper and lower lobes. The heart weighed 300 gm. 
and showed minimal atherosclerotic changes. The right lung weighed 770 gm., and 
the left, 500. Microscopically, there was evidence of pulmonary fibrosis with areas 
of walled-off abscess cavities connected with dilated bronchi. The process was most 
marked in both lower lobes posteriorly. The liver weighed 1400 gm. and showed 
slight engorgement of the central veins. The combined weight of the kidneys was 
260 gm. and they showed a few scattered scars of healed pyelonephritis. The cal- 
varium was thickened to 1.3 cm. and showed characteristic changes of Paget’s 
disease; these changes were also seen in the vertebral column. 

Case 6. Female, age 76 years. This patient was admitted January 24th with a 
history of a “cold,” marked weakness and chest pain since January 18th. There 
were signs of consolidation of the right lung anteriorly, and extrasystoles. Blood 
pressure, 130/80. Sputum yielded Staph. aureus in pure culture; two blood cul- 
tures were negative. Leukocytes, 24,400. Treatment was with sulfadiazine for 6 
days; digitalis was given in full doses. Temperature and leukocytes fell to normal 
by January 28th. February 3rd, leukocytes, 5500; irregular fever; dyspnea, and 
cyanosis. RAles in lungs increased progressively and patient died February gth. 

Autopsy was performed 18 hours postmortem. The right pleural cavity was 
obliterated by diffuse fibrous adhesions; scattered fibrinous adhesions were found in 
the left pleural cavity laterally. Heart weighed 260 gm. and showed minimal athero- 
sclerotic changes. The right lung weighed 510 gm.; the left, 350 gm. Firm gray 
areas of fibrosis were found in the right upper and middle lobes. and moderate 
bronchiectasis in both lower lobes. Microscopically, there was moderate fibrosis of 
the lung parenchyma and moderately severe bronchiectasis. There were multiple be- 
nign polyps in the descending colon and rectosigmoid. There was microscopical evi- 
dence of moderate benign nephrosclerosis and a few scattered areas of healed 
pyelonephritis. Culture from the lungs showed Staph. aureus and influenza bacilli; 
the heart’s blood showed no growth. 

Case 7. Female, 50 years old. “Grippe,”’ coryza, weakness and cough began 
December 24th. December 30th, sudden marked dyspnea and air hunger. Diffuse 
crepitant and sibilant rales and scattered areas of dullness and bronchial breathing 
at the bases. Irregular fever to 103° F., leukocytes gooo to 18,000, constant and 
increasing dyspnea and cyanosis. Treatment with sulfathiazole, digitalis and oxygen 
was begun on admission and continued until the patient died on February 18th. 
She also received many small transfusions. Many sputum cultures showed Staph. 
aureus predominating in all specimens; type 14 pneumococcus was also obtained in 
the first specimen and hemolytic streptococci in the last two. Numerous blood 
cultures were negative except one taken on February 7th, which showed Staph. 
aureus. 

Autopsy was performed 14 hours postmortem. There were bilateral fibrous 
pleural adhesions. The heart weighed 440 gm. The right auricle and ventricle were 
dilated and the latter showed a slight increase in thickness of the myocardium 
(0.5 cm.). Microscopically, miliary abscesses were seen in the myocardium. The 
left lung weighed 930 gm. and the right, 940. Both showed extensive fibrosis, 
bronchiectasis and thick-walled abscesses in the parenchyma, involving most of 
the lungs but especially marked posteriorly and inferiorly. The spleen weighed 500 
gm. and contained a few small scattered abscesses. The liver weighed 2400 gm. 
and contained small abscesses in the portal and midzonal areas of the lobules. The 
combined weight of the kidneys was 340 gm. Microscopically, occasional glomeruli 
and neighboring collecting tubules contained acute inflammatory exudate and 
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there was an occasional small interstitial abscess in the pyramids. The other organs 
were negative. Cultures from many areas in the lungs showed Staph. aureus and 
hemolytic streptococci in varying proportions, and the heart’s blood showed no 
growth. 

Case 8. Male, 81 years old. Ill 2 to 3 weeks with prostration and vomiting. Ad- 
mitted January 26th. Signs of diffuse bronchopneumonia, mostly in right lower 
lobe; temperature, 104° F.; pulse, 140, and leukocytes, 10,000. Sputum yielded a 
heavy growth of Staph. aureus and a few alpha hemolytic streptococci. Blood 
cultures were negative. There was improvement with drop in temperature and pulse 
rate after 2 days of therapy with sulfadiazine, digitalis and oxygen. February rst, 
sudden rise in temperature, pulse and respiration; leukocytes, 27,000. The patient 
died February 3rd. 

Autopsy was performed 11 hours postmortem. There were diffuse fibrous ad- 
hesions of both pleural cavities. The heart weighed 240 gm. and showed minimal 
atherosclerotic changes. The right lung weighed 500 gm. and the left, 560. The 
posterior lobes of both lungs and the right middle lobe showed considerable fibrosis 
of the parenchyma and bronchiectatic cavities. Acute inflammatory exudate was 
present in focal areas, especially about cellulose material in terminal bronchi. There 
was early organization of the exudate with foreign body giant cells in scattered areas, 
especially about the cellulose material. There was an old area of fibrosis at the right 
apex but no evidence of active tuberculosis. The kidneys showed the changes of 
benign nephrosclerosis. Cultures from both lower lobes yielded Staph. aureus and 
alpha hemolytic streptococci. 


ACUTE STAPHYLOCOCCAL PNEUMONIAS 


The findings in the lungs of 3 of the acute cases were essentially 
similar. In them the involvement was bilateral and included portions 
of all the lobes, but it was most marked in the posterior and dependent 
portions. The lungs were increased in size and weight; the right lung 
varied from 980 to 1160 gm., the left from 600 to 960 gm. There 
was no definite exudate over the pleural surfaces in any of the cases, 
but in 2 of them there was a moderate amount of thin fluid in one 
pleural cavity. In 1 there were 500 cc. of clear amber fluid and in 
the other there were 700 cc. of fluid described as turbid yellow. Both 
these fluids yielded Staph. aureus on culture. In all 3 cases there were 
minimal fibrous adhesions at the posterior apical region, and in 1 case 
there were thin intralobar fibrinous strands. There was no evidence 
of subpleural hemorrhage, nor were any emphysematous blebs ob- 
served. 

The lungs completely filled the pleural cavities and maintained their 
shape when they were removed from the thorax. Externally they 
presented mottled dull gray to dark red-purple anterior surfaces, which 
gradually blended into plum-colored and mottled posterior surfaces. 
In 1 case (Fig. 1) there was an area of old infarction in the right 
upper lobe which measured 3 by 4 cm., appeared dark red and had a 
uniform rubbery consistence on palpation. Scattered throughout the 
posterior lobes and in the inferior portion of the anterior lobes were 
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numerous gray areas which felt nodular and varied from 0.5 to 3.0 
cm. in diameter. On the cut surface these nodular areas presented 
a homogeneous dirty gray appearance and exuded a mucoid exudate. 
When this exudate was scraped away, multiple abscess cavities were 
revealed which varied from 2 to 5 mm. in diameter, many coalescing 
to form honeycombed cavities measuring 1 to 2 cm. in diameter (Fig. 
2). These abscessed areas were arranged, in general, in relation to 
the bronchi and bronchioles and usually were in direct communication 
with them. There was no evidence of any well defined wall to these 
abscesses, the contiguous parenchyma appearing markedly necrotic 
and fading into apparently intact alveoli filled with exudate. The 
intervening parenchyma presented a varied appearance; in some areas 
it was extremely wet and subcrepitant and exuded frothy bloody fluid, 
while in others the gray exudate-filled alveoli could be distinguished. 
Most of the parenchyma was involved and only about one-fifth to 
two-fifths of the lung was estimated to be air-containing. The trachea 
and bronchi were filled with plugs of yellow-gray, tenacious exudate. 
The pulmonary arteries and veins appeared grossly normal. 

Sections were taken from various parts of the lungs for micro- 
scopical examination. There was extensive destruction of the usual 
architecture by an acute necrotizing process which was most marked 
in and about bronchi and bronchioles and involved adjacent alveolar 
tissue. The bronchi and bronchioles were almost completely denuded 
of their mucosa and their walls were infiltrated with acute inflamma- 
tory cells, chiefly polymorphonuclear leukocytes and histiocytes, and 
an abundance of fibrin (Fig. 7). The lumina of the ducts were filled 
with an acute inflammatory exudate. In 2 of the 3 acute cases there 
was no evidence of a hyaline membrane such as was so prominent 
in the influenzal pneumonias of 1918. The inflammatory process 
extended into the subtending alveoli with necrosis of the septa and 
resulted in the formation of abscesses, which varied in size from small 
miliary abscesses to large, conglomerate, necrotic masses (Fig. 6). 
There was no evidence of any limiting abscess wall of young connective 
tissue, nor was there any evidence of organization of the exudate. In 
some sections large veins were seen projecting into the abscesses. 
These veins were infiltrated with inflammatory cells and some of them 
contained fibrin thrombi in their lumina. Elsewhere, the blood vessels 
were markedly engorged, and in some areas they had actually ruptured 
and filled the alveoli with blood (Fig. 5). Other alveoli contained 
large amounts of edema fluid but no blood. 

Large numbers of cocci in groups and clusters were seen in the 
exudate in scattered areas (Fig. 8). In case 2, smaller cocci in short 
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chains were also seen. The latter, however, were not present in any 
great numbers in the abscessed areas which showed the clumps of 
cocci. They were seen chiefly in alveoli which were filled with exudate 
but which had maintained their usual structure. 

The pathological picture in the lungs in case 1 was somewhat 
different from that seen in the other 3 acute cases, and corresponded 
more closely to that of the most fulminating variety of influenzal 
pneumonia described in 1918. In this case the process involved chiefly 
the right lower and middle lobes and a small area in the left lower 
lobe. Grossly, the involved lobes were noncrepitant, heavy and moist, 
and exuded an abundance of bloody fluid. Microscopically, the picture 
in these lobes was predominantly one of hemorrhage and edema with 
very little fibrin and only a few polymorphonuclear leukocytes. Never- 
theless, there were many groups of cocci seen. In spite of the meager 
leukocytic response, there was necrosis of alveolar walls. A few alveoli 
contained suggestive hyaline membranes. The bronchi showed marked 
edema and necrosis with very little cellular reaction. In uninvolved 
areas the alveoli were distended and some were disrupted, forming 
emphysematous blebs. 

Cultures from the lungs yielded an abundant growth of Staph. aureus 
in every instance. In case 2, hemolytic streptococci were grown, in 
addition, from one of three lobes cultured, and a few alpha hemolytic 
streptococci were grown in case 4. Ferret inoculation of lung tissue 
from case 2 gave indirect evidence of the presence of influenza A 
virus. 

The only other relevant finding in the acute cases was in the peri- 
cardial cavity in case 4. This contained 75 cc. of yellow turbid fluid, 
from which a pure culture of Staph. aureus was obtained. Micro- 
scopically, however, there was no evidence of acute pericarditis. Other 
incidental findings included an old obliterative fibrous pericarditis 
in case 2 and cardiac hypertrophy involving both ventricles in case 
4. Cultures of the blood were made at the time of autopsy in every 
case and all remained sterile. 


CHRONIC STAPHYLOCOCCAL _PNEUMONIAS 


Four cases presented pathological findings which were similar, in 
most respects, to those of the “organizing” pneumonias described by 
Winternitz, Wason and McNamara’ and others in relation to the 
influenza of 1918. The general appearance of the lungs was more or 
less alike in these cases. The weight of the lungs varied greatly: the 
right weighed from 510 to 940 gm. and the left from 350 to 930 gm. 
There were fibrous adhesions bilaterally, and these were moderately 
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extensive posteriorly, but there were no areas with exudate or fibrin. 
The pleural surfaces of the lungs presented a mottled appearance 
varying in color from a dark gray-red in the posterior portions to a 
gray-pink in the areas of emphysema which were most prominent in 
the upper lobes and in the periphery of the lungs. On palpation the 
basal portions of the lungs contained firm, rubbery nodular areas, 
especially posteriorly (Fig. 3). The upper lobes at their bases pre- 
sented a similar, but less pronounced nodular change. In 1 case the 
major portion of the involvement was limited to the right upper and 
middle lobes; the right lower and entire left lung were only slightly 
involved. 

On section the nodular areas were seen to be composed of large 
cavities with firm, well demarcated fibrous walls (Fig. 4). The ma- 
jority contained yellow or gray-green mucoid exudate which could be 
expressed from the cavities. Most of the cavities communicated with 
bronchi which, in turn, were plugged with similar exudate. There 
was extensive fibrosis between the cavities, where the usual architec- 
ture was almost completely replaced by fibrous tissue. In areas which 
did not contain cavities the tissue either appeared emphysematous 
or was firm and of a dull red-gray color. There was no evidence of 
hemorrhage in the parenchyma. The cut surface was moderately dry. 
Trachea, bronchi and bronchioles contained gray-green, tenacious 
exudate which, when removed, revealed an apparently intact but 
erythematous mucosa. The pulmonary arteries showed no evidence of 
atheromatous intimal plaques, nor were they dilated. The pulmonary 
veins were not remarkable. 

Microscopically there was evidence of extensive fibrous replacement 
of the alveoli. Large abscesses were in direct continuity with bronchi, 
forming bronchiectatic cavities. The bronchial walls were infitrated 
by numerous plasma cells, scattered lymphocytes and histiocytes and 
rare foreign body giant cells (Fig. 9). The abscess cavities were 
filled with a more acute inflammatory exudate, and their walls showed 
some persistence of the necrotizing process. In 1 case some recently 
aspirated cellulose material was seen. In 3 of the cases there was an 
interstitial fibrosis in addition to chronic abscess cavities. The alveoli 
in the areas of interstitial fibrosis were lined by low cuboidal epi- 
thelium. There was evidence of regeneration of the bronchial mucosa 
(Fig. 10). A number of areas of regenerating mucosa appeared to 
be pinched off and imbedded in the contiguous parenchyma, forming 
small islets of epithelial cells. A similar regenerative process was 
described by Winternitz, Wason and McNamara’ in the cases ob- 
served in the 1918 influenza epidemic. 
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The alveoli in some areas contained inflammatory exudate in differ- 
ent stages of organization. Large sheets of young connective tissue 
could be seen extending from one alveolus into another through septal 
defects. The alveolar capillaries were all dilated and filled with blood, 
as were the majority of the veins. The arteries in the areas where 
there was marked fibrosis and chronic inflammation showed a very 
early proliferative endarteritis, but no evidence of necrotizing arteritis. 

In the cultures made at autopsy, Staph. aureus was the predominant 
organism recovered from the lung in all the cases. Alpha hemolytic 
streptococci were present in small numbers in 2 cases, beta hemolytic 
streptococci occurred in another and influenza bacilli were grown from 
2 cases. The heart’s blood showed no growth in any case. 

The cardiac weights were within average range. There was a slight 
thickening of the right ventricular myocardium in case 7. The myo- 
cardium in this case contained small acute abscesses which were also 
seen in the spleen, liver and kidneys, suggesting blood-borne metas- 
tases. 

The vertebral bone marrows in both the acute and chronic cases 
showed hyperplasia of both the red and the white blood cell series 
with normal maturation of the cells. 


COMMENT 


The pathological findings in these cases are similar, in most respects, 
to those described in the influenzal pneumonias of 1918. All stages 
are represented—the fulminating and the necrotizing varieties of the 
acute form and the organizing type in which death was delayed for 
longer than 2 weeks. 

The cases presented are of interest mainly for two reasons: First, 
they represent the severest of the pneumonias that may be observed 
in the course of an epidemic of influenza which, from all other points 
of view, could be considered as comparatively mild. The first symp- 
toms of respiratory infection in all these cases occurred within a period 
of 4 weeks, from December 24, 1940, (case 7) to January 18, 1941, 
(case 6), during which influenza was prevalent in and around Boston. 
In 5 of the cases there were typical symptoms of clinical influenza 
which began within a single week, between January 3rd (case 6) and 
January 9th (case 3), when the epidemic was at its peak. 

Secondly, these cases are of special interest because they show 
clearly the important rdle played by Staph. aureus in the pulmonary 
complications of this epidemic. Other cases of pneumonia that occurred 
during the same period were of the usual varieties, both clinically and 
pathologically, and they were associated with the usual organisms 


36 WOLLENMAN AND FINLAND 


encountered in that season. Probably some of the latter patients also 
had clinical influenza, or at least contact with influenza virus, as indi- 
cated by immunological studies." The staphylococcus, however, was 
unusually prevalent as an apparently important secondary invader 
in some cases of typical pneumococcal pneumonia that occurred at 
this time. It was the only or predominant organism in a large number 
of patients with clinical influenza, many of whom had pulmonary 
complications. Those among the latter who survived presented a 
variety of clinical pictures which have been described briefly else- 
where; * the pathological lesions in the fatal cases have been described 
here. The clinical features have been described in greater detail 
recently.** 

In the experience of this hospital, staphylococcal pneumonias have 
been observed sporadically, especially in infants and young children 
and as a complication of staphylococcal infection elsewhere in the body. 
This is the first time that the staphylococcus has been identified in 
relation to a large number of apparently primary pulmonary infections 
within such a brief period. 


SUMMARY AND CONCLUSIONS 


The pathological findings in 8 cases of pneumonia in which Staph. 
aureus was the only or predominant organism have been presented. 
These cases all occurred during an epidemic of influenza and probably 
represent pulmonary complications of influenza. Three forms similar 
to those described among the influenzal pneumonias of 1918 were 
included; namely, (1) the acute fulminating, (2) the acute necrotizing 
and (3) the chronic organizing types. From this experience and from 
a number of reports in the literature, it is suggested that during an 
epidemic of influenza Staph. aureus may assume epidemic prevalence 
in some areas and give rise to severe pulmonary complications. 
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DESCRIPTION OF PLATES 


PLATE 5 


1. Left lung (case 2) showing extensive diffuse hemorrhage, edema and 
exudate. Confluent peribronchial abscesses are present in the lower lobe. 


2. Detail view of part of the lung shown in Figure 1. The major bronchi show 
acute confluent and necrotizing bronchitis. 


3. Left lung (case 7) showing marked distortion from extensive fibrosis and 
slight emphysema. 


4. Detail view of base of lower lobe of the lung shown in Figure 3. There is 
replacement of the usual structure by fibrous tissue and “honeycombed” 
cavities. 
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PLATE 6 
5. (case 2). Acute hemorrhage and edema fluid filling alveoli and destroying 
alveolar walls. Minimal exudate. Phloxine-methylene blue stain. X 7o. 


6. (case 3). Acute abscesses of lung parenchyma. Here may be seen an hyaline 
membrane lining the alveoli in an area of trapped air. Phloxine-methylene blue 


stain. X 50. 
(case 2). Acute necrotizing bronchitis. Phloxine-methylene blue stain. 
100 
8. (case 2). Large clumps of cocci in acute exudate. Gram-Weigert stain. 
g. (case 7). Extensive fibrous tissue replacement of lung tissue resulting in 
multiple small cavities. Phloxine-methylene blue stain. 100 


10. (case 6). Proliferation of bronchial epithelial mucosa in areas of extensive 
fibrosis. Phloxine-methylene blue stain. 100 
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CHRONIC GASTRITIS 


Its RELATION TO GASTRIC AND DUODENAL ULCER AND TO GASTRIC 
CARCINOMA* 


RoBert M.D. 
(From the Department of Pathology, University of Minnesota, Minneapolis, Minn.) 


The term, gastritis, is commonly used in a restricted sense to 
designate a series of changes manifested chiefly in the mucosa of the 
stomach. Histologically, the process is characterized for the most part 
by excessive accumulations of lymphocytes and plasma cells and by 
atrophy and abnormal regeneration of the glands. These and other 
features have been described in detail by numerous writers as they 
occur in relation to gastric and duodenal ulcer and carcinoma of the 
stomach as well as in relation to gastritis alone (Konjetzny,’ Faber *). 
The significance of the findings has been minimized, however, by 
reports of a high incidence of the same anatomic changes in individuals 
free of ulcer or carcinoma (Hamperl,* Hillenbrand *). The uncertainty 
and largely speculative consideration of etiologic factors emphasize 
that doubted significance. 

A relatively large number of resected stomachs which presented 
the features of chronic gastritis in addition to the major lesion—ulcer 
or carcinoma—for which resection was performed stimulated interest 
in the problem. This material offered an opportunity to verify or 
disprove the character and distribution of the reported mucosal 
changes in relation to ulcer and carcinoma. In view of the reported 
high incidence of the same changes in otherwise normal stomachs, it 
was considered necessary to study a series of stomachs from patients 
free of manifest gastric disease. In this paper the findings in the 
surgical material will be reported and compared with the findings in 
control autopsy material. 


MATERIAL AND METHODs OF INVESTIGATION 
A. Autopsy Material 
The stomachs of 260 individuals free of manifest gastric disease 
served as controls. This material was obtained from autopsies per- 
formed by members of the Department of Pathology at the University 
of Minnesota, and the great majority were from the autopsy service 
of the University of Minnesota Hospitals. These were patients whose 
histories revealed no gastric symptoms except as related to the pre- 
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senting illness and were otherwise unselected, except in so far as the 
autopsy experience may deal with selected cases. The reliability of 
the recorded historical data may be questioned in some instances, 
but it may be said that at least there were no serious gastric disorders 
among the group. 

Microscopic sections were prepared from the lower antrum near 
or including, in most instances, the pylorus and from the midbody on 
or near the greater curvature in all cases. In addition sections were 
frequently taken from the upper antrum on the lesser curvature and 
from other portions of the body. Only specimens free from obscuring 
postmortem changes were used. Whether sampling of this kind ade- 
quately depicted the condition of the mucosa as a whole was tested 
by study of 30 specimens in greater detail. In these, long strips of 
mucosa were prepared according to the method used routinely for the 
surgical material (see below). These were compared with the sample 
sections. They showed the same features and no case had to be re- 
classified. While undoubtedly some focal changes may be missed, 
the sampling seems to provide a reasonably accurate expression of 
the condition of the antral and body mucosa, at least for stomachs 
free of ulcer or carcinoma. If focal changes were missed, there was 
an equal chance of picking up focal lesions in the sections examined, 
which, in terms of significant change, is the more serious error. 

Stigmata of gastritis were searched for in each specimen and the 
findings were recorded separately for the antrum and body. For the 
purposes of this study, only the principal anatomic features of chronic 
gastritis were recorded; viz., lymphocytic and plasma cell infiltration, 
lymph follicles, atrophy of the glands, metaplasia to an intestinal 
mucosal pattern and, additionally for the body mucosa, the pseudo- 
pyloric glands (Stoerk®). The degree of change for each of these 
features was arbitrarily graded from 1 to 3 and the specimens were 
divided into three groups on the basis of the following criteria: 

Group 1. Antrum. The glands are regularly distributed, free from 
atrophy and of metaplasia to intestinal type. The stroma is scant 
and free, or almost free, from lymphocytes and plasma cells other 
than a rare basilar lymphoid aggregate with or without a germinal 
center (Fig. 5). 

Body. The glands are regularly arranged and intact. The stroma 
contains no, or very few, free cells in the interfoveolar areas (Fig. 1). 

Group 2. Antrum. The glands show the same features as those of 
group 1. The stroma shows mild lymphocytic and plasma cell infiltra- 
tion (grade 1) and rare lymphoid follicles (grade 1) (Fig. 6). 
Body. The glands are the same as in group 1. The stroma shows 
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mild superficial lymphocytic infiltration (grade 1) and not more than 
an occasional follicle (grade 1) (Fig. 3). 

Group 3. Antrum. Here the changes are more variable. Moderate 
lymphocytic and plasma cell infiltration alone (grade 2), atrophy 
(grade 1 to 3) alone, or metaplasia (grade 1 to 3) alone was sufficient 
to place a case in this group. The great majority of specimens showed 
combinations of stromal and glandular changes (Figs. 7 and 11). 

Body. Although moderate lymphocytic and plasma cell infiltration 
(grade 2) alone placed a case in this group, the majority showed asso- 
ciated glandular changes in the form of atrophy, grade 1 to 3, or 
metaplasia, grade 1 to 3. Moderately severe infiltration was seldom 
seen in the absence of glandular changes (Figs. 2, 4 and 8). 


B. Surgical Material 


The surgical material included in this study consisted for the most 
part of stomachs excised for ulcer or carcinoma. A few cases in which 
the excised specimen showed only benign polyps or atrophic gastritis 
were also included. Except for the removal of long segments from 
the greater curvature in 8 resections of the fundus, extensive gastric 
resection had been employed in all instances. 

The gross specimens were routinely opened on the greater curva- 
ture, tacked to a board and floated in a 4 per cent solution of formal- 
dehyde for fixation. Except in a few instances, fixation was begun 
within 10 minutes from the time the specimen was removed from the 
patient. In dealing with duodenal ulcer the surgical technic employed 
frequently left the ulcer in the inverted duodenal stump. In such 
cases the diagnosis of duodenal ulcer was accepted on the basis of 
the roentgenologic and surgical findings. 

The usual histologic sections from selected areas were studied in 
all cases. In addition, rolled strips of mucosa from the whole length 
of the segments excised were prepared for section as follows: The 
mucosa was incised in parallel lines about 1 cm. apart and the inter- 
vening strip was separated from the muscularis propria by sharp dis- 
section. Segments of these strips of convenient length were then rolled 
up, trimmed to a thickness of about 3 mm. and paraffin sections were 
prepared in the usual manner. In many instances segments up to 
15 cm. long could be embedded in a single roll, but as many rolls were 
prepared as the length of the strip required. Such rolls were routinely 
prepared from both the greater and the lesser curvatures. In some 
instances additional rolls from the anterior and posterior walls were 
employed or these sites were substituted for the curvatures. Following 
resections of the fundus, rolls were prepared from the greater curva- 
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ture only. This method of study was apparently first employed by 
Hallas ° and has been used by Hillenbrand,* Geissendérfer,’ Magnus * 
and others. 

The same abnormal features were noted in the surgical material as in 
the autopsy material (Figs. 2, 3, 4, 6, 7 and 8). For the body mucosa, 
“extent,” indicating the proportion of the segment examined which was 
involved by the above changes, was graded 1 (not more than 1%), 
2 (% to %), or 3 (total). In addition to the three groups designated 


according to the several criteria as for the autopsy cases, a fourth 


Taste I 
Summary of Findings, as Graded, in the Antral Mucosa of Cases Examined after Autopsy 
Infiltration Follicles Atrophy Metaplasia Group* 
Age Total 
I 3 I 2 3 I 2 3 I 2 3 I 2 3 
Underr} of of 16 
I-10 ° I ° I ° ° ° ° ° ° ° o | 20] o I 27 
II-20 5| 0 3 I I 6] 4 I II 
21-30 2 I I 3 2 24 
31-40 | 10] 4 2 4] 0 I 5 I 7 47 
41-50 8 2 ° 5 ° ° 2 ° ° I ° eo i 3 7 3 27 
51-60 | 11 7 ° 3 I ° 6 I I 4 I 2117]/ 9 | 10 360 
71-80 10] 3 2 3 ° ° 4 3 I 2 4 o }13] 6 8 27 
81-90 3 2 ° ° ° ° 2 I I 2 I 2 2 I 5 8 
Totals | 67 | 25 5 | 22 5 1/23 90 7 |162 |50 |48 | 260 
| 
* Group | normal cases; group 2 = almost normal cases; group 3 cases with gastritis. 


group was added for the cases with ulcer to accommodate instances 
in which the mucosa was hypertrophic. 


GASTRITIS IN POSTMORTEM MATERIAL 


For the entire group of 260 cases examined after autopsy the find- 
ings are summarized in Tables I and II for antral and body mucosa 
respectively. Each case was given a group designation of 1, 2, or 3 
depending on the severity of the changes. Group 1 consisted of those 
cases which by all accepted criteria are normal. Group 2 cases were 
those which showed mild lymphocytic and plasma cell infiltration with- 
out parenchymal change. Although this appearance was a deviation 
from the usually accepted normal, it is doubtful that the degree of 
change exhibited is of real significance. Group 2, then, was arbitrarily 
designated as “almost normal.” Distinctly abnormal findings placed 
a specimen in group 3 and these were so designated on the basis of 
moderate infiltration alone, or in any degree when accompanied by 
glandular changes. It is obvious that there is no sharp dividing line 
between the several degrees of lymphocytic infiltration. Thus the 
distinction between “mild” and “moderate” is necessarily arbitrary. 


| 
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Several independent groupings of the material, however, yielded uni- 
form results. 

In respect to the antrum, 162 specimens (62.2 per cent) fell in 
group 1 (normal), 50 (19.2 per cent) fell in group 2 (almost normal) 
and 48 (18.5 per cent) were distinctly abnormal. As shown in Table 
I, the abnormal cases were scattered through the several decades, but 
increased in incidence after the age of 30 years. These findings may 
be compared with the findings in cases with ulcer and with carcinoma, 
to be discussed later, in Table IX. 


Tasre II 
Summary of Findings, as Graded, in the Body Mucosa of Cases Examined after Autopsy 
| 
| | Pseudopyloric 
Infiltration Follicles Atrophy | Metaplasia glands Group* | Total 
Age 
3s] 3 als 
Under 1] o] o] of of o| o| o | 16 olo 16 
II 
31-40 | 9 |7]1 2 47 
21| 27 
51-60 | 3 14] 3 I I 17| 3 |10 30 
HSL Zi 6) ate} 26 6 iss 37 
si z | ° 31 5 8 
Totals |4o |34 |13 |19 | 2 | © {13 | 7] 4 4 | 1 |173]30 57 | 260 


* Group I = normal cases; group 2 = almost normal cases; group 3 cases with gastritis. 


For the body mucosa (Table II) 173 specimens (66 per cent) fell 
in group 1 (normal), 30 (12 per cent) fell in group 2 (almost normal) 
and 57 (22 per cent) fell in group 3 (gastritis). Of the 57 cases in 
group 3, all but 2 were over 30 years old, and of those which showed 
atrophy, all but 2 were over 50 years of age. Atrophic gastritis was 
present in 30 per cent of the 108 cases past 50 years of age. The 
findings in the body mucosa of this group may be compared with 
those of the surgical material in Table X. 

The findings in antrum and body were not always parallel. In 13 
of the specimens in which the antral mucosa was distinctly abnormal 
the body was normal or almost normal. These cases were scattered 
uniformly through the several decades. Twenty-one specimens showed 
a normal or almost normal antrum and a distinctly abnormal body. 
These appeared according to decades as follows: fourth decade, 3; 
fifth, 2; sixth, 8; seventh, 6; eighth, 2. 

In none of the cases which revealed abnormalities was there any 
evidence of a causative factor such as the various exogenous and 
endogenous irritants to which the changes have been attributed by 
Faber ° and others. For the entire group the findings were independent 
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of the fatal illnesses and their durations. There was no greater inci- 
dence of gastritis in individuals who died of infectious diseases. In 
so far as the recorded histories yielded information, there was no 
demonstrable relationship to previously sustained diseases. There 
were no sex differences. The only constant factor was that of age. 
Gastritis was rarely encountered below the age of 30, and of those 
specimens which showed atrophic changes only 2 appeared in indi- 
viduals below the age of 50 years. In terms of this autopsy experience 
the high incidence of gastritis in adult stomachs reported by Hamperl,* 
Hillenbrand * and others cannot be substantiated, at least for indi- 
viduals below 50 years of age. It appears that the majority of the 
stomachs obtained at autopsy are free of significant change. 


SIMPLE GASTRITIS IN RELATION TO GASTRIC AND DUODENAL ULCER 


Since the early 1920’s numerous papers have appeared emphasizing 
the constancy of an inflammatory process involving particularly the 
antrum in cases of both gastric and duodenal ulcer (Moszkowicz,° 
Kalima,’* Orator,’* Puhl,’* Borchardt,’® Puchert,’® 
Aschner and Grossman,’*? Simpson,?* Magnus and Rodgers’® and 
others). These studies covered a large volume of material and in 
general the same pattern of mucosal alteration was common to all— 
an antral gastritis showing variably heavy lymphocytic infiltration, 
abnormal numbers of lymphoid follicles, atrophy and acute and chronic 
erosions. These same investigators reported an equally high incidence 
of duodenitis in their material. Changes in the body mucosa have not 
been as systematically investigated, particularly in respect to their 
topographic distribution. The reports indicate a lower incidence of 
gastritis involving the body mucosa in duodenal ulcer than in gastric 
ulcer. So-called hypertrophic gastritis is not infrequently associated 
with ulcer but there are few direct references to its incidence in resected 
material. 

The findings in 106 stomachs resected for ulcer (78 duodenal, 13 
gastric and duodenal, and 15 gastric) are recorded in this paper. 

The antral changes rather closely paralleled those described in other 
reports. The gross appearance of the antral mucosa varied rather 
widely. Color changes were inconstant and, as congestion and areas 
of fresh hemorrhage dependent on surgical trauma precluded accurate 
observation, this feature was generally ignored. Exaggerated irregu- 
larity of the areae gastricae was not uncommon. Frequently part of 
the antral mucosa appeared to be more thin and smooth than normal. 
Such areas were most commonly seen at the apex of the antral triangle. 
In some instances the atrophy was diffuse but left, here and there, 
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islands of mucosa of more normal thickness. Grossly demonstrable 
erosions were infrequent. Only 2 specimens presented the typical 
appearance of the erosive gastritis illustrated by Konjetzny,’ Faber,” 
Puhl ** and others. In a few specimens one or two erosions were 
demonstrable. 

The body mucosa regularly showed no gross changes of significance 
except in those instances where it could be recognized as hypertrophic. 

As in the material obtained at autopsy, the histologic changes were 
recorded separately for antral and body mucosa. Such alterations were 


Taste III 
Summary of Findings, as Graded, in the Antral Mucosa of Cases with Ulcer 
Infiltration Follicles Atrophy Metaplasia Group* 
Age Total 
I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 
II-20 I tiotle 2 2 
21-30 | 6] 2 2 5] Si 8 8 
31-40 2420141901331 § 1 50} 20] 2 I 2 o | o | oO | 26 26 
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51-60 3 71 6/15/61] 9 I 27 
61-70 | o 71013 sisisielete}e 7 7 
71-80 I Ij} o ° I I ° zie 2 ° ° ° ° 2 2 
Totals | 8 | 76|14 | 28 | 50/20 | 31 | 44] 16 | 21 4 I | o | 98 98 


* Group I = normal cases; group 2 = almost normal cases; group 3 = cases with gastritis. 


admirably brought out by means of the mucosal rolls inasmuch as there 
were often variations in distribution and severity in the antrum. The 
changes were quite regularly more pronounced on the lesser than on 
the greater curvature. The antral findings in 98 cases with ulcer are 
summarized in Table III. The specimens from 8 resections of the 
fundus, which yielded little or no antral mucosa, were excluded. As 
shown in the table, there were no specimens in which the antrum was 
normal or almost normal. All showed distinctly abnormal features and 
fell in group 3. 

Not included in the tabulations are acute erosions which were found 
in but 3 specimens. Erosions were otherwise chronic, usually healed, 
occasionally healing. Microscopic erosions of this character were 
found in 25 per cent of the cases (Fig. 11). 

The antral mucosa was considered to be hypertrophic in 19 speci- 
mens (not indicated in the tables). Seventeen of these were in the 
group with duodenal ulcers, 6 associated with hypertrophic body 
mucosas and 11 without. Two were found in the group with combined 
duodenal and gastric ulcer, 1 of which had an associated hypertrophic 
body mucosa. None was found in the group with gastric ulcers. The 
upper limit of normal thickness is not well defined. Plenk *° considered 
a thickness of 1.5 mm. as normal, while Berger’s *’ data indicated an 
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average thickness of about 0.65 mm. In my autopsy material the 
thicknesses in adults ranged around 0.80 to 0.90 mm. A mucosa of 
1.25 mm. is thicker than any encountered in the autopsy group or in 
the bulk of the surgical material, although this level was approached 
more frequently among the surgical specimens. Most of the specimens 
designated as hypertrophic were 1.5 mm. or over (Fig. 10). All of 
these had superimposed inflammatory changes and all showed areas 
where destruction and atrophy had occurred. It should be emphasized 
that hypertrophy as it is here considered means an increase in all 
constituents of the mucosa so that both glands and crypts are elongated 
while their proportionate relationships to mucosal thickness are main- 
tained. Relative or absolute increase in the length of the crypts at 
the expense of the glands proper—atrophic hyperplastic changes—are 
not included. 

While this study is not primarily concerned with the condition of 
the duodenal mucosa, the findings in this series of cases may be 
mentioned. Inasmuch as little or no duodenal mucosa was included 
with many specimens, a detailed study was precluded. In some speci- 
mens in addition to true ulcer, or in the absence of an ulcer in the 
segment excised, distinct abnormalities were found. Lymphocytic and 
plasma cell infiltration exceeded normal limits and healed and healing 
erosions were found. No acute erosions were encountered. In some 
specimens the portion of the duodenum available showed no change 
of significance. 

The frequency of abnormalities of the antral mucosa in cases with 
ulcer is well emphasized in Table IX, where the autopsy and surgical 
material may be compared. While the antral mucosa was never normal 
or “almost normal” among the 98 cases with ulcer, 212 of the 260 
autopsy specimens were normal or almost normal. Among the 48 
remaining specimens the changes were infrequently as severe as in 
the group with ulcer. If only the age groups of cases with ulcer are 
considered, the autopsy material revealed comparable degrees of gas- 
tritis in 42 of 229 cases, an incidence of 18 per cent as compared to 
an incidence of 100 per cent in the group with ulcer. 

It may be mentioned here that attempts have been made to explain 
the antral findings in resected stomachs on the basis of surgical trauma. 
Schindler, Necheles and Gold * reproduced the conditions incident 
to gastrectomy in dogs by clamping off the stomach and tying the 
vessels. In parts of the stomach deprived of blood supply and exposed 
to acid they described alterations and hemorrhages. Their illustrations 
are not convincing and, when correlated with the resected human 
stomach, show no changes of significance. 
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Sanders and Mecray,”* in a similar study, described superficial 
hemorrhages as gastritis and concluded that when free acid was present 
in the stomach the changes were proportional to the degree of vascular 
engorgement and to the time elapsed between resection and examina- 
tion of the specimen. Their illustrations showed no evidence of gas- 
tritis and they admitted the absence of leukocytic infiltration. These 
authors concluded that gastroscopic examination is a better means of 
determining the condition of the antral mucosa than is its histologic 
appearance in resected stomachs. Engorgement and edema admittedly 


TaBie IV 
Summary of Findings, as Graded, in the Body Mucosa of Cases with Duodenal Ulcer 
Infiltra- Meta- Pseudopy- 
tion Follicles Atrophy plasia loric glands Extent Group* 
Age Total 
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* Group 1 = normal cases; group 2 = almost normal cases; group 3 = cases with gastritis; 


group 4 = cases with hypertrophy. 


result from surgical manipulation. Such effects were frequently ob- 
served and as frequently ignored in the surgical material under con- 
sideration in this paper. It is inconceivable that atrophy, dense 
lymphocytic infiltration and healed erosions could have developed 
during the course of an operation even several hours long. Further- 
more, entirely similar changes are found at autopsy in stomachs with 
ulcer when no operative trauma has complicated the picture. 

The histologic findings in the body mucosa of the 106 cases of 
duodenal and gastric ulcer are summarized in Tables IV (duodenal 
ulcer), V (duodenal and gastric ulcer) and VI (gastric ulcer). Here 
again the mucosal rolls afforded a distinctly advantageous means of 
visualizing the general topography of the changes. With these resec- 
tions in which 75 to 80 per cent of the stomach was routinely removed, 
many ordinary sections would have been required to provide the same 
information. Gastritic changes involving that portion of the body 
mucosa immediately adjacent to the transition zone were not con- 
sidered. Only those where the process involved more than a segment 
of 1 to 2 cm. immediately adjacent to the antrum were considered 
abnormal. 

Of the 78 resected specimens from cases of duodenal ulcer, the body 
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mucosa (Table IV) was without change in 46 instances (59 per cent). 
Sixteen cases (20.5 per cent) fell in group 2 (almost normal). Only 
2 cases (2.5 per cent) fell in group 3. These, although they showed 
but mild infiltration, had small areas of atrophy. Fourteen cases (18 
per cent) fell in group 4 (hypertrophic). In all of these the mucosa 
was over 1.5 mm. in thickness (Fig. 9). Four were otherwise free 


TABLE V 


Summary of Findings, as Graded, in the Body Mucosa of Cases with Duodenal and 
Gastric Ulcer 


Infiltra- Meta- Pseudopy- 
tion Follicles Atrophy plasia loric glands Extent Group* 
Age Total 

SESE STL SI SEST SE SL SE si 
31-40) I I I 0 I ° I 
I I 2 o;o I o;o;o o;o;o I I 2 ° I I 4 
51-60} 3] 1 5 
6 I-70} I ° I I I ° I ° o;o;o °o o;o;o I ° I I I I ° 3 
Totals] 2} 5; 2] 13 


* Group 1 = normal cases; group 2 = almost normal cases; group 3 = cases with gastritis; 
group 4 = cases with hypertrophy. 


TaBie VI 
Summary of Findings, as Graded, in the Body Mucosa of Cases with Gastric Ulcer 
Infiltra- Meta- Pseduopy- 
tion Follicles Atrophy plasia loric glands Extent Group* 
Age Total 
TESOL SL EL SL SL SESE CL 
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61-70 Oo; 0 ° ° 
71-80 2;0 2;o0;0;0 I I 2 2 o;o; I I o;o 2 2 
Totals | 3]11/ 3 15 


* Group 1 = normal cases; group 2 = almost normal cases; group 3 = cases with gastritis. 


of change. Abnormalities exhibited by the remaining 10 consisted 
of superficial lymphocytic and plasma cell infiltration only; mild in 
9, moderate in 1. In the table these features are included with those of 
the nonhypertrophic specimens. If the entire group is considered from 
the standpoint of the gastritic features only, 50 (64.1 per cent) were 
free of change, 25 (32 per cent) showed mild superficial lymphocytic 
infiltration only, 1 (1.3 per cent) showed moderate superficial infiltra- 
tion only and 2 (2.6 per cent) showed in addition small areas of 
atrophy. The extent of the involvement was partial in 13 and total 
in 15. 

The findings in the 13 cases with both duodenal and gastric ulcers 
are summarized in Table V. Four were normal, 1 was almost nor- 
mal, 6 were gastritic and 2 were hypertrophic. Of the hypertrophic 
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specimens 1 was otherwise unchanged and 1 showed mild superficial 
lymphocytic infiltration. 

The findings in the cases of gastric ulcer are summarized in Table 
VI. Among these none were normal, 3 were almost normal and 12 
showed gastritis. All 12 showed at least some degree of atrophy. 

Because of the differences in the findings in the three groups of 
cases with ulcer the data have not been consolidated. Each group 
may best be considered in relation to the autopsy material (Table X). 
Excluding instances of hypertrophy the character of the changes 
found in cases with ulcer and without ulcer is the same. 

Those specimens in the group with duodenal ulcer in which the 
mucosa was abnormal showed the same age distribution as did those 
of the autopsy series. The total number of cases per decade was small 
and the numbers in the two groups were not strictly comparable. 
However, there appeared to be a greater incidence of mild infiltration 
in the group with ulcer for each decade concerned. On the other hand, 
severe alterations—atrophic mucosas—were much less frequently seen. 
In the group with ulcer there were 44 cases in the fifth to seventh 
decades inclusive and only 2 of these showed atrophic changes, both 
mild. Among the 100 autopsy cases for the same period there were 
23 instances of atrophic gastritis. The distribution of the changes 
could not, of course, be compared. It may be reasonably concluded 
that in spite of the constant finding of an antral gastritis in cases of 
duodenal ulcer, severe changes in the body mucosa only exceptionally 
appear and are less numerous than might be expected in an equivalent 
number of individuals free of ulcer in the older age groups. 

Cases in which both gastric and duodenal ulcers were present were 
intermediate in position between the groups with duodenal and with 
gastric ulcer as to changes in the body mucosa. The data may be 
compared with those from autopsy material in Table X, but the small 
number of cases precludes any conclusions. 

In the group with gastric ulcer there were no specimens in which 
the body mucosa was entirely without change and 12 of the 15 showed 
at least some areas of atrophy. The cases were rather evenly dis- 
tributed through the several decades and the incidence of atrophy 
was high in each. That atrophic changes are to be expected in cases 
of gastric ulcer is suggested. However, with so few cases the remote 
possibility of a coincidental high incidence cannot be excluded. 

In this group of 106 cases with ulcer the changes were independent 
of all considerations other than their association with ulcer. The great 
majority of these patients came to operation only after years of 
medical management which had given no constant relief. A few had 
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had previous gastroenterostomies and some had had one or more 
hemorrhages. Many of them had high fasting acids and copious secre- 
tion. Many of them had, or at some time had exhibited, symptoms 
or roentgenologic evidence of obstruction. As far as the antral changes 
were concerned there was no relation to the character or duration of 
symptoms or to the exhibited secretory activity. The mucosal changes 
were as severe in a boy of 13 years whose symptoms covered a 3-year 
period as they were in much older individuals who reported periodic 
episodes of distress of ro or even 20 years’ duration. Patients in whom 
the body mucosa was found to be hypertrophic showed no greater 
acidity or more severe symptoms than did those in whom the mucosa 
was of normal thickness. Changes in neither the antrum nor the body 
were in any way related to obstruction. The body mucosa was found 
to be entirely normal in cases of long-standing, high-grade obstruction, 
while in others, in which no obstruction had occurred, there was a 
superficial gastritis. The cases of gastric ulcer in general showed lower 
acidity than did the group with duodenal ulcer. Perhaps this finding 
is related to the higher incidence of atrophic gastritis in the cases of 
gastric ulcer, although the case which presented the most extensive 
atrophic changes had normal acid values. There was no relationship 
between the findings and the size of the ulcer or the presence or 
absence of perforation. In some cases very small ulcers were found 
which were hardly consistent with the duration of symptoms. The 
cases in which the resected specimens showed acute erosions and those 
with a grossly demonstrable erosive gastritis had no unusual clinical 
features. 


DISCUSSION OF GASTRITIS ASSOCIATED WITH ULCER 


The findings in this series of cases support the frequently reported 
constancy of a gastritis associated with ulcer. There is good evidence 
that the process is primary and not secondary to the ulcer. The fre- 
quent antrum-wide distribution is by itself evidence for its primary 
character. Additional evidence is also to be gained from the not infre- 
quent instances in which stomachs resected for typical symptoms of 
ulcer have failed to reveal ulcers but have shown an erosive gastritis 
and duodenitis (Puhl,’* Aschner and Grossman,'* Konjetzny,** Faber,” 
Paaby,”* Nicholaysen,** Dahl,** Holsti,*? Roholm and Andersen 

It appears, then, that true ulcer is superimposed on the gastritis 
(and duodenitis) to the erosive lesions of which Konjetzny,’ Puhl ™ 
and others traced its origin. In the chronic changes they saw the 
healed and healing stages of repeated acute inflammatory attacks. Puhl 
considered that periodicity of symptoms presented by patients with 
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ulcer found anatomic expression in the simultaneous presence of acute 
erosions and their healing stages in resected specimens. Further evi- 
dence for this concept was provided by the stomachs of calves in 
which the appearance of ulcers following weaning had been long 
known. In these animals Konjetzny and Puhl* found acute and 
chronic inflammatory changes and all transitions from erosions to 
true ulcers. In my own human material the changes are so pre- 
dominantly chronic that an evolution from acute inflammatory attacks 
cannot be traced. It has been suggested that longer and more adequate 
preoperative medical management accounts for the infrequency of 
acute lesions in the more recent material (Aschner and Grossman ""). 
Puhl’s ** case histories, for example, reveal that operative interference 
was employed at the height of acute symptoms in many instances. 

Experimental evidence for a gastritic basis for chronic ulcer is 
seen in the cinchophen ulcers produced in dogs (Van Wagoner and 
Churchill,** Bollman, Stalker and Mann ** and Simonds **) and cats 
(Schwartz and Simonds **) where an acute diffuse gastritis with 
multiple erosions precedes the larger lesion. 

Other recent experimental work has emphasized the importance 
of the acid factor in ulcer genesis. Although numbers of investigators 
have reported superficial erosions as the result of elevated gastric 
secretion in animals (Biichner, Siebert and Molloy,** Simpson,** Over- 
gaard *® and others), no lesions similar to the chronic ulcer of man 
were produced. Employing Code and Varco’s*® method of daily 
injections of histamine-base in beeswax for inducing prolonged hyper- 
secretion, Walpole *' and Hay * with their collaborators have produced 
true chronic ulcers in cats, dogs and other animals. The changes pre- 
ceding the appearance of the ulcers have not been described. Some 
of their specimens which I have been privileged to examine showed 
no significant mucosal alterations near to, or at a distance from, the 
ulcers. If anything resembling a diffuse gastritis preceded the appear- 
ance of actual ulceration, it left no traces. Whether such changes may 
have occurred or whether the acidity attained in these animals resulted 
in a primary cauterization of the mucosa is not known. 

While acid must be admitted as a constant factor in the problem 
of “peptic” ulcer, the antral gastritis is also constant. Its predominant 
limitation to the antrum indicates that it is a special form of gastritis 
which must be separated from the process leading to atrophy and 
achlorhydria where the body is regularly involved. If acid is to be 
considered the prime factor in the causation of ulcer, it must also be 
responsible for the accompanying gastritis. That acid secretion any- 
where within possible physiological limits can initiate such a process 
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seems doubtful. While ulcer patients often secrete copious amounts 
of highly acid gastric juice, whether such secretory activity prevailed 
prior to the development of ulceration is not known. Faber? con- 
sidered this hypersecretion to be largely accounted for by the patho- 
logic aftersecretion resulting from the irritating antral gastritis. While 
it is not theoretically impossible that acid may cause or be a factor 
in the causation of a gastroduodenitis, the gaps between the condition 
in man and the acid production of ulcer in animals are wide. That 
acid produces the constantly observed changes in the antral mucosa 
requires demonstration. 

No conclusive evidence pointing to an etiologic factor for the gastritis 
with ulcer has been produced. Konjetzny * emphasized the importance 
of a variety of exogenous irritants. In this connection he attributed 
the gastritis of calves to the coarse foods which supplanted milk at 
the time of weaning. That certain foods may under certain circum- 
stances have a deleterious effect has been suggested by experimental 
observations. Bollman, Stalker and Mann ** found that coarse foods 
decreased and soft foods increased the time required for the appearance 
of cinchophen ulcers in dogs. Simpson *® was able to produce erosions 
in his animals with sustained high acid values only when mustard 
oil was added to their food. However, the importance of food irritants 
as a factor in the production of this form of gastritis in man is as 
difficult to substantiate as it is to consider them of importance in the 
evolution of atrophic pangastritis. 

Irrespective of the primary basis of the antral gastritis there is no 
doubt that the changes constantly accompany gastric ulcer, and 
Konjetzny’s ** original dictum that an ulcer does not develop in a 
healthy mucosa still holds for the majority of the cases. 


SIMPLE GASTRITIS IN RELATION TO 
CARCINOMA OF THE STOMACH 


The frequent association of widespread gastritis and carcinoma of 
the stomach has long been known, and has been discussed by many 
authors on the basis of both autopsy and surgical material (Geissen- 
dorfer,’ Borchardt,’® Puchert,’® Simpson,’® Mathieu,** Saltzman,** 
Konjetzny,” *® Orator,*’ Judd and others). The diffuse distribu- 
tion of these mucosal alterations rather sharply distinguishes the 
process from that associated with ulcer. Several authors have com- 
mented upon the differences. Konjetzny,’ Orator,’* Borchardt and 
others have emphasized the fact that the gastritis of ulcer is antrum- 
confined for the most part while that of cancer is a pangastritis. 
Although this point remains the chief distinguishing feature, other 
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dissimilarities have been noted. Intestinal metaplasia is largely focal 
with ulcer and often diffuse with cancer (Geissend6rfer,’ Moszkowicz,° 
Kalima,’” Borchardt). Larger numbers of Russell’s corpuscles are 
seen in stomachs with cancer than in those with ulcer (Konjetzny,’ 
Kalima,’” Puchert Konjetzny* claimed that the gastritis asso- 
ciated with ulcer showed more evidence of hyperplasia and less out- 
spoken atrophy. Largely on this basis Konjetzny considered the 
gastritis with ulcer as a subacute process in contrast to the chronic 
gastritis with carcinoma. All of these changes are, however, subject 
to variation and no constant distinctions exist for the single case. 

Of particular interest in the matter of gastritis associated with 
carcinoma is the question of its relationship to the tumor. Most of 
the early writers considered the gastritis to be independent of, or in 
some way secondary to, the tumor (Rosenheim,** Matti °°). Although 
Mathieu ** had early suggested the origin of carcinoma on the basis 
of a pre-existing gastritic mucosa, it was not until Saltzman ** and 
Konjetzny *° independently presented their material that the gastritic 
basis for carcinoma was seriously considered. Konjetzny 
in the abnormal reparative processes of gastritis, particularly adeno- 
matous polypoid overgrowth, all transitions to frank carcinoma. He 
claimed a demonstrable relationship to the parenchymal changes of 
chronic gastritis for 90 per cent of carcinomas, and further pointed 
out that the early carcinomas described by Hauser, Versé and others 
presented a similar relationship. That a carcinoma develops more 
commonly in stomachs which show chronic atrophic gastritis has come 
to be rather generally accepted (Orator,’® Hurst °'). Several authors 
have commented upon the coincidence of pernicious anemia and car- 
cinoma of the stomach and have maintained that atrophic gastritis 
is the common link (Miller,®* Jenner ** and others). 

There have been objections to the concept established by Saltzman ** 
and Konjetzny.*® Borrmann,” in particular, questioned the interpre- 
tation of the histologic findings of those authors, and doubted that 
the changes they described necessarily preceded the carcinoma. He 
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believed that the “gastritis to gastritis polyposa to carcinoma” sequence 
stressed by Konjetzny *” *° was very much the exception, and con- 
cluded that most carcinomas arose without, or independent of, pre- 
existing inflammatory changes. Wanser °° 
benign character of the frequently long-standing chronic gastritis 


rightfully emphasized the 


associated with ulcer and doubted the existence of a causal relationship 
between such mucosal changes and carcinoma. 

The mucosal findings in the resected specimens from 52 cases of 
carcinoma of the stomach are reported here. Only those specimens 
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which afforded relatively large amounts of mucosa uninvolved by 
tumor were included. Because the tumor most frequently occupied 
the antrum, the findings in the antral mucosa were recorded in but 
27 cases. Similar circumstances excluded the body in 2 cases. 

The antral findings are summarized in Table VII. There were no 
cases in which the antral mucosa was normal although in most the 
changes were relatively mild. In Table IX the changes may be com- 
pared as to severity with those associated with ulcer and in material 


obtained postmortem. 
Tasie VII 
Summary of Findings, as Graded, in the Antral Mucosa of Cases with Carcinoma 
of the Stomach 


Infiltration Follicles Atrophy Metaplasia Group* 
Age Total 
I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 
31-40 I I ° 2 0 I I ° ° I ° 2 2 
41-50 0 ° ° ° ° ° ° ° ° 
51-60 5 2 ° 5 ° ° 5 ° I ° I ° I 6 7 
61-70 9 4 ° 7 2 ° 6 2 3 4 2 3 ° 2 |11 13 
71-80 3 2 ° 3 I ° 4 ° I I I I ° ° 5 5 
Totals | 18 9 o |17 2 o |16 3 5 7 4 5 ° 3 124 27 


* Group 1 = normal cases; group 2 = almost normal cases; group 3 = cases with gastritis. 


Tasie VIII 
Summary of Findings, as Graded, in the Body Mucosa of Cases with Carcinoma 
of the Stomach 


Pseudopy- 

Infiltration Follicles Atrophy Metaplasia | loric glands Extent Group* Total 
Age 

I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 
31-40] O| 2] 2] O| O| O| rT] O| 2] Of O| O| T] Of 2 2 
41-50] 3] Oo] 2] 1] O| 3] O 31 3 3 
61-70] 5|10] 5] O| 2/13] 3] 4) O| 7] O| 2] 2] 2] 2/16 20 
71-801 4) 0] 6] oj 3] O] 4] 6] 3] oO] 3] 2] rj 2] 9 12 
Totals|17 |25 | 4/29] 9] |10] 114] 4] 4] 4/42 5° 


* Group 1 = normal cases; group 2 = almost normal cases; group 3 cases with gastritis. 

The findings in the body mucosa are summarized in Table VIII. 
Four were normal, 4 almost normal and 42 distinctly abnormal. Of 
the 42, 41 showed atrophic changes in at least some degree and extent. 
These findings may be compared with those of the ulcer and autopsy 
groups in Table X. In this table the cancer cases showing gastritis 
with or without atrophy appear in one column and those with atrophy 
in another. 


DISCUSSION OF GASTRITIS ASSOCIATED WITH CARCINOMA 


That gastritis associated with carcinoma is a pangastritis in contrast 
to the antral gastritis of stomachs with ulcer has been noted. There 
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is no direct evidence as to the time required for the development of 
an atrophic gastritis, but if carcinomas are prone to develop in 
stomachs which show an atrophic gastritis such as is commonly seen 
in pernicious anemia, the changes should, in the majority of cases, 
be extensive and severe. It is of interest to compare the mucosal 
changes in this series of stomachs with carcinoma with those found in 
a group of noncancerous stomachs in which atrophic gastritis was 
present. For this purpose 7 resected stomachs were available, some 
of which showed benign polyps and others only an atrophic gastritis. 


Taste IX 


Findings in Antral Mucosa in Control Autopsy Material and in Cases of Ulcer and 
Cancer of the Stomach 


Autopsy material With ulcer With carcinoma 

Under 16 16 ° ° 

II-20 II 6 4 I 2 ° ° 2 or 
21-30 24 19 3 2 8 ° ° 8 
31-40 47 31 9 7 26 ° ° 26 2 ° ° 2 
41-50 27 17 7 3 26 ° ° 26 ° ° ° 
51-60 36 17 9 10 27 ° ° 27 7 ° * 6 
61-70 27 15 II II 7 ° ° 2 II 
71-80 27 13 6 8 2 ° ° 2 5 ° ° 
81-90 8 2 I 5 
Totals 260 | 162 5° 48 98 ° ° 98 | 27 ° 3 24 


The resections were as high as in the other group so the mucosa could 
be examined at equivalent levels. The antral changes were of the 
same character as those found in the carcinoma group. While the 
number of cases was small, the changes appeared to be of the same 
magnitude. The body mucosa was severely affected in all 7 cases. 
Each specimen showed an advanced atrophic gastritis in which very 
few if any specific glands remained. These findings are comparable 
to those in many of the cancer group and are strikingly similar to 
cases where the carcinoma developed in individuals with pernicious 
anemia. The similarity is much less marked in other cases. Referring 
to Table VIII, the extent of involvement in the 50 body mucosas was: 
none in 4 cases, grade 1 in 6 cases, grade 2 in 11 cases and grade 3 
in 29 cases. In those where extent was graded 1 and 2, that portion 
of the mucosa adjacent to the tumor—the lower body for the most 
part—showéd changes, while the upper one-half or one-third of the 
segment was free of significant change. Thus there were all transitions, 
from mucosas completely normal to those where the whole segment 
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TABLE X 


Findings in Body Mucosa in Material Obtained by Autopsy and in Cases of Ulcer and of Cancer of the Stomach 


HEBBEL 
| amana | 
| | + 
= | oooaan | + 
| 
7 
| OOF aH | + 
| 
| 
| 
g | 
a 
| 
= 8 | ° 
Jaquinu | a | 
AydosqiadAy | Orr O | a 
= 
s | } 
| 
ON | + 
= Jaquinu | 
Aydosqiad Ay On + 
| 
| 
Z| ewiou ysowry | ooanma 
| 
= 
! 
| 00 
Jaquing [230] | > a 
Aydolye| gp t+! 
! 
| 
=| ysowyy |; OH ATAMMONO! O 
| 
wn 
a - 
< 
| ~mornm 
raqunu | SEU | 
| 
| n 
aay 


| 


CHRONIC GASTRITIS 61 


was abnormal. Moreover, variable degrees of extent as to severity 
of the process existed within the group graded 3. As already indicated, 
many of these specimens showed changes identical with those found 
in the noncancerous stomachs. In an appreciable number, however, 
the following appearances were presented: 

a. Lower body adjacent to the tumor: Thin mucosa exhibiting 
complete loss of specific glands, more or less metaplasia to an intes- 
tinal type and variable lymphocytic infiltration. 

b. Midportion of segment: Mucosa of normal thickness, some 
specific glands retained, while others showed deepened, regularly 
arranged pits lined in part by intestinal epithelium, some pseudopyloric 
glands and variable degrees of lymphocytic infiltration. 

c. In upper part of segment: Mucosa of normal thickness with 
mild to moderate superficial lymphocytic infiltration but glands re- 
tained. An appearance such as that just described was by no means 
as sharply defined as this outline indicates, but that general pattern 
was presented and even in those cases where destruction and disorgani- 
zation of the mucosa involved the higher reaches of the segment the 
process was frequently less pronounced near the plane of excision. 

In one specimen in which the tumor was situated at the cardia, the 
changes presented themselves in the reverse manner. The most pro- 
nounced gastritic alterations were at the upper end of a segment from 
the greater curvature, and the mucosa became almost normal as the 
antrum was approached. 

The apparent manner of development and progression to atrophy 
of the process just described and the presence in this series of 
several completely normal and other only partially involved body 
mucosas indicated that carcinoma in a distinctly appreciable number 
of cases was not preceded by a diffuse atrophic gastritis. In general, 
the most severe atrophy was associated with the larger tumors. Yet 
of the 4 cases in which the body mucosa was normal, 3 had relatively 
large antral tumors. There was no correlation between the degree 
of atrophic gastritis and the severity or duration of obstruction. There 
was no evidence that any carcinoma in this series had developed on the 
basis of a pre-existing ulcer. (Some authors have indicated that in 
stomachs with cancer but without diffuse gastritis the carcinoma is 
a malignant change in an ulcer: Borchardt,’ Puchert,’® Orator,*’). 

That the atrophic process may develop under the influence of the 
tumor is suggested by the findings detailed above. Particularly is that 
true in the case of the tumor at the cardia, where, contrary to the 
usual pattern of an ascending atrophy, the atrophy proceeded from 
above downward. Yet one cannot eliminate the possibility that some 
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was abnormal. Moreover, variable degrees of extent as to severity 
of the process existed within the group graded 3. As already indicated, 
many of these specimens showed changes identical with those found 
in the noncancerous stomachs. In an appreciable number, however, 
the following appearances were presented: 

a. Lower body adjacent to the tumor: Thin mucosa exhibiting 
complete loss of specific glands, more or less metaplasia to an intes- 
tinal type and variable lymphocytic infiltration. 

b. Midportion of segment: Mucosa of normal thickness, some 
specific glands retained, while others showed deepened, regularly 
arranged pits lined in part by intestinal epithelium, some pseudopyloric 
glands and variable degrees of lymphocytic infiltration. 

c. In upper part of segment: Mucosa of normal thickness with 
mild to moderate superficial lymphocytic infiltration but glands re- 
tained. An appearance such as that just described was by no means 
as sharply defined as this outline indicates, but that general pattern 
was presented and even in those cases where destruction and disorgani- 
zation of the mucosa involved the higher reaches of the segment the 
process was frequently less pronounced near the plane of excision. 

In one specimen in which the tumor was situated at the cardia, the 
changes presented themselves in the reverse manner. The most pro- 
nounced gastritic alterations were at the upper end of a segment from 
the greater curvature, and the mucosa became almost normal as the 
antrum was approached. 

The apparent manner of development and progression to atrophy 
of the process just described and the presence in this series of 
several completely normal and other only partially involved body 
mucosas indicated that carcinoma in a distinctly appreciable number 
of cases was not preceded by a diffuse atrophic gastritis. In general, 
the most severe atrophy was associated with the larger tumors. Yet 
of the 4 cases in which the body mucosa was normal, 3 had relatively 
large antral tumors. There was no correlation between the degree 
of atrophic gastritis and the severity or duration of obstruction. There 
was no evidence that any carcinoma in this series had developed on the 
basis of a pre-existing ulcer. (Some authors have indicated that in 
stomachs with cancer but without diffuse gastritis the carcinoma is 
a malignant change in an ulcer: Borchardt,'’ Puchert,’® Orator,*’). 

That the atrophic process may develop under the influence of the 
tumor is suggested by the findings detailed above. Particularly is that 
true in the case of the tumor at the cardia, where, contrary to the 
usual pattern of an ascending atrophy, the atrophy proceeded from 
above downward. Yet one cannot eliminate the possibility that some 
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of these cases are examples of the coincidental relationship of a de- 
veloping atrophic gastritis, which is not uncommon in the age periods 
concerned, and a carcinoma. This explanation is plausible, but in 
the absence of known etiologic factors for an atrophic gastritis, no 
definite conclusions are justified. 

That an appreciable number of these carcinomas apparently de- 
veloped in stomachs which were not the seat of a long-standing atrophic 
gastritis affects but little the question of the primary genesis of the 
tumor. The tumors were, for the most part, large and beyond the 
stage at which evidence for their early development could be found. 
It is true that, particularly among the tumors associated with a pre- 
existing diffuse atrophic gastritis, there was often at the growing 
margins of the tumor a blending of the carcinoma with the abnormal 
glands. In some specimens there were multiple foci of origin in an 
atrophic, metaplastic mucosa beyond the main body of the tumor. In 
a few specimens there were transitions between polypoid overgrowths 
and carcinoma. In other instances the mucosa in the immediate vicinity 
of relatively large carcinomas showed little change. That finding alone 
cannot eliminate the possibility that the tumor concerned arose in a 
localized abnormal area in the mucosa. One may agree with Borr- 
mann ™ that carcinomas developing on the basis of a gastritis polyposa 
are the exception rather than the rule. The earliest carcinomas in this 
series were flat, ulcerating lesions which, on a somewhat larger scale, 
followed the ulcerative changes noted by Mallory ™ in his cases of 
carcinoma in situ. 


SUMMARY AND CONCLUSIONS 


The manifestations of chronic gastritis encountered in 260 stomachs 
obtained at autopsy, in 106 stomachs resected for duodenal or gastric 
ulcer and in 52 stomachs resected for carcinoma are reported. 

The autopsy series included individuals of all ages, dying from a 
variety of causes, whose histories revealed no evidence of gastric 
symptoms. The changes exhibited by this group were chiefly those 
of a pangastritis leading to atrophy. The process bore no demonstrable 
relationship to any factor other than age. Gastritic changes in any 
degree were rare below the age of 30 years and severe changes were 
uncommon below the age of 50. Atrophic gastritis was exhibited by 
30 per cent of the 108 cases past 50 years of age. This form of 
gastritis is unimportant in resected stomachs from individuals under 
50 years of age. 

Among the 106 stomachs resected for ulcer (78 duodenal, 13 gastric 
and duodenal, 15 gastric) there was an antral gastritis in all of the 
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98 cases in which the antrum was examined. Changes in the body 
mucosa were rare in the duodenal ulcer group and common in the 
gastric ulcer group. The evidence substantiates the contention that 
an antral gastritis (and duodenitis) precedes, and is the anatomic 
basis for, the development of chronic ulcer. 

The gastritic changes encountered in 52 resected carcinoma-bearing 
stomachs were variable in extent and severity. Although numbers 
of these stomachs presented a diffuse atrophic gastritis which un- 
doubtedly antedated the tumors, that condition did not obtain for 
all. In a few instances the body mucosa was normal or nearly normal. 
In others, although there were severe changes in the vicinity of the 
tumor, the more distant portions of the excised segments were less, 
or not at all, affected. The findings in such cases suggested that the 
mucosal changes were secondary to the tumor, although the possibility 
of a coincidental association of the tumor and a developing atrophic 
gastritis could not be excluded. There was in this series no evidence 
to indicate that carcinomas arise with unusual frequency in stomachs 
already the seat of a diffuse atrophic gastritis. 
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DESCRIPTION OF PLATES 


PLATE 7 


Fic. 1. Normal body mucosa. Hematoxylin and eosin stain. X 75. 


Fic. 2. Body mucosa showing advanced atrophy, cystic and pseudopyloric glands 
and moderate lymphocytic infiltration. Hematoxylin and eosin stain. X 75. 


Fic. 3. Body mucosa showing mild superficial lymphocytic infiltration. The glands 
are intact. Hematoxylin and eosin stain. X 75. 


Fic. 4. Body mucosa showing moderate lymphocytic infiltration and moderate 
atrophy. There are deepened pits. The basilar portions of the glands are 
well retained. Hematoxylin and eosin stain. X 75. 
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PLATE 8 
Fic. 5. Normal antral mucosa. Hematoxylin and eosin stain. X 7 


Fic. 6. Antral mucosa showing mild lymphocytic infiltration and a single lymphoid 
follicle. The glands are intact. Hematoxylin and eosin stain. X 75. 

Fic. 7. Antral mucosa showing advanced atrophy, heavy lymphocytic infiltration 
and follicles. Hematoxylin and eosin stain. 75. 


Fic. 8. Focal area of metaplasia to the intestinal type in an atrophic body mucosa. 


Hematoxylin and eosin stain. X 75. 
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PLATE 9 


Fic. 9. Hypertrophic body mucosa. Hematoxylin and eosin stain. X 30. 


Fic. 10. Hypertrophic antral mucosa. Hematoxylin and eosin stain. X 30. 


Fic. 11. Healed erosion in antral mucosa. Hematoxylin and eosin stain. X 75. 
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THE LYMPH NODES IN DISSEMINATED LUPUS ERYTHEMATOSUS * 


Rosert A. Fox, M.D., and Paut D. Rosaun, M.D. 


“From the Department of Pathology, Yale University School of Medicine, New Haven, 
Conn., and the Laboratories of the New Britain General Hospital, New Britain, Conn.) 


INTRODUCTION 


Enlargement of the superficial and deep lymph nodes, a prominent 
finding in the majority of reported cases of disseminated lupus ery- 
thematosus, has heretofore received only brief mention. In the early 
literature lymphadenopathy was considered to be pathognomonic, per 
se, of tuberculous infection, and much effort was expended to prove 
that the “systemic” form of lupus erythematosus was a manifestation 
of generalized tuberculosis. But in more recent years, largely due to 
the investigations of Keil (1937) and others, this contention has been 
found to be untenable. 

In 1872, Kaposi reported a group of cases which, he believed, pre- 
sented a syndrome separate from that of the already well known “dis- 
coid type” of lupus erythematosus. He remarked that “in several of 
the acute cases generalized hard painful swelling of the lymph nodes, 
especially cervical, axillary and occasionally inguinal” was noted; but 
in the detailed case reports he mentioned enlarged cervical nodes in 
only 2 cases, and enlarged cervical and axillary nodes in 1 other case. 
Only 2 of his 11 cases came to autopsy. 

Hardaway (1889), in reporting an example of this disease 17 
years after Kaposi’s original description, noted “great swelling of the 
lymphatic glands in the front of the neck.” In 1892 he reported 
another case in a girl of 14 years, and stressed the fact that the “sub- 
maxillary glands were swollen somewhat but not excessively.” 

Although the general impression at the turn of the century was that 
disseminated lupus erythematosus was caused by the tubercle bacillus, 
examination of the evidence presented fails to exclude the coincidental 
occurrence of tuberculosis, a common disease at the time, in an already 
debilitated patient. Keil (1937) concluded “that the occurrence of 
tuberculosis in cases of lupus erythematosus is coincidental and un- 
related.” Sequeira and Balean (1902) found “that the disseminated 
form of lupus erythematosus is associated with tuberculosis to a much 
greater degree than the discoid variety,” yet the single case which 
they reported had no evidence of tuberculous infection whatsoever. 

Roberts (1911), in reporting a case of disseminated lupus ery- 
thematosus, was so impressed by the relationship between the lymphad- 


* Received for publication, May 29, 1942. 
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enopathy and the disease entity that he postulated a theory to explain 
how this association was affected: 

“The relationship [of tuberculosis to lupus erythematosus disseminatus] probably 
only comes into play when certain organs of the body are attacked by the tubercle 
bacilli. The researches of Boeck seem to indicate that these special organs are the 
lymphatic glands... . Now, while we cannot admit that lupus erythematosus is a 
manifestation of tuberculosis or tuberculin poisoning, we are met by the fact that 
the disease is more frequently associated with adenitis than with any other morbid 
antecedent, and that this adenitis is very often of a tubercular nature. . . . It is at 
least conceivable that the cytolytic toxin of lupus erythematosus is derived from 
the leucocytes in the lymph-glands, and that the formation of the toxin, although 
not absolutely dependent on the presence of tubercle bacilli, is favored by the 
presence of the bacillus in the gland. ... From the first, some depressant influence 
is at work tending towards lymph stagnation, and it is under this condition that I 
conceive the origin of the cytolytic poison in, or by, the leucocytes of the lymph- 
glands.” 


It is interesting to observe that when the reported cases were 
reviewed chronologically, the incidence of tuberculous lymphadenitis 
associated with disseminated lupus erythematosus diminished, although 
the search, especially microscopically, for tubercle bacilli and tuber- 
culous lesions became more diligent. Scrutiny of the detailed accounts 
of the early cases of the disease fails to divulge convincing evidence 
on which to base the concept of these cases as tuberculous. Low 
and Rutherford (1920) described enlarged mediastinal, para-aortic, 
mesenteric and cervical nodes in their case, and stated emphatically 
that evidence of tuberculosis was not found. Ehrmann and Falkenstein 
reported 6 cases of this disease in 1922; 5 patients had lymphadenop- 
athy, and in only 2 of these was there evidence of tuberculosis; how- 
ever, even in the 2 positive cases only “some nodes showed tuberculosis, 
others not.” In 1 case, injection of portions of a “tuberculous node”’ 
into a guinea pig failed to produce evidence of tuberculosis. Keith 
and Rowntree, in the same year, reported 4 cases, in all of which 
there were enlarged lymph nodes. Only 1 case came to necropsy and 
in this miliary tubercles were found in the spleen. Examination by 
biopsy of a cervical lymph node in another case revealed tuberculosis. 
Gennerich (1921), Sibley and Wynn (1923), Gibson (1925) and 
Clarke and Warnock (1926) were unable to demonstrate evidence 
of tuberculosis in their cases. Keefer and Felty (1924) described 
tuberculous lymphadenitis in 2 of their 3 cases, although all had 
generalized lymphadenopathy. Lyon (1933) failed to produce tu- 
berculous lesions in a guinea pig with portions of enlarged hepatic, 
cervical and tracheobronchial nodes from 1 of his 2 cases. Baehr, 
Klemperer and Schifrin (1935) found that “evidences of active tu- 
berculosis were absent in all but two” of their 23 cases. “One had a 
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single caseous tracheobronchial lymph node. Another had terminal 
acute miliary tuberculosis.” Rose and Pillsbury, writing in 1939, 
agreed with Keil that “proof of the tuberculous etiology in dissemi- 
nated lupus erythematosus is lacking, and that the coincidence of 
active tuberculosis is not necessarily significant.”” None of our 3 cases 
(to be described in detail) showed any evidence of tuberculosis in 
spite of diligent search for specific lesions. 

We shall subsequently attempt to show that not only is the absence 
of tuberculous lymphadenitis the rule, but the morphologic character- 
istics of the enlarged nodes, independent of blood vessel alterations, 
are more or less constant and perhaps peculiar to the disease. With 


I 
Age, Sex and Color Distribution of 280 Cases of Disseminated Lupus Erythematosus 


Age in Age not 

years o-10 II-20 21-30 31-40 41-50 51-60 61-70 stated Total 
Females 7 53 73° 39 20 6 4 23 225 
Males 2 15 14 7 8 I ° ig 48 

Total 9 68 87 46 28 7 4 24 2731 


* One Puerto Rican. 

t All patients included were white. Not included are 7 cases: 1 male Hawaiian of Japanese 
extraction, 25 years of age; 3 Negresses, 24, 35 and 38 years of age, and 3 white patients 
whose age and sex were not given. 
this thought in mind we reviewed most of the reported cases of dis- 
seminated lupus erythematosus in an effort to determine the incidence 
of lymph node enlargement as part of the morbid anatomy, and to 
gather the gross and microscopic impressions of other observers con- 
cerning this alteration. 

In our review we paid special attention to lymph node enlarge- 
ment, either clinically or at necropsy, and to findings which we be- 
lieve are pertinent to this particular aspect of the disease; namely, 
splenomegaly, leukocytosis or leukopenia, and morphology of the 
bone marrow. Our observations, segregated according to age and sex, 
are tabulated in Table I. We were able to find a total of 277 reported 
cases, plus the 3 cases to be described. These represented over 250 
different cases, after allowing for duplication of cases mentioned by dif- 
ferent authors. There were 228 females and 49 males (in 3 cases 
the sex was not stated). It is significant that 127, or 55.7 per cent, 
of the females, and 30, or 61.2 per cent of the males, were between 
the ages of 11 and 30 years, a total of 157, or 62.1 per cent. (In 27 
cases the age was not stated.) These figures verify the general im- 
pression that the disseminated form of lupus erythematosus is a disease 
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of adolescents and young adults. There were 214 cases, or 84.6 per 
cent, in which the patients were under 40 years of age. The youngest 
case was that of a male infant, 11 months of age, and the oldest a 
woman of 70 years. Although the disease is one which afflicts the 
white race predominately, without respect for nationality, and par- 
ticularly individuals with fair skin, a few cases in Negroes and 1 in 
an Hawaiian of Japanese extraction were reported. 


THE LyMPH NODES 
General Remarks 


The first histologic description of the enlarged lymph nodes in dis- 
seminated lupus erythematosus was provided by Short in 1907. He 
observed that “the sinuses are filled with fibrin and large vacuolated 
endothelial cells. The lymphoid cells are, to a great extent, replaced 
by large cells with a considerable amount of protoplasm, the nuclei 
of which are large and oval, often duplicated, and frequently showing 
mitotic figures. There are areas of haemorrhage and other areas of 
complete necrosis.” 

Low and Rutherford (1920) were impressed by the “separation of 
the lymphoid elements” in their case “as if from edema’; there was 
“marked acute hyperemia, with a few minute hemorrhages into the 
gland substance and much endothelial cell reaction.” Denzer and 
Blumenthal (1937) found changes compatible with acute lymphad- 
enitis in the mesenteric nodes of their case. Madden (1932) re- 
marked that “superficial lymphadenitis is often to be noted, especially 
in those regions that drain the involved skin. The inflammation in 
the glands does not go on to suppuration, and recedes when regression 
of the skin lesions takes place.” Ginzler and Fox, as late as 1940, 
were the first to describe the lymph node alterations in great detail. 
They remarked that “some lymph nodes showed merely edema, sinus 
hyperplasia, and an inflammatory reaction manifested by the presence 
of many histiocytic cells, and a few plasma and polymorphonuclear 
cells.” Many of the nodes in their case “contained numerous areas 
of necrobiosis, apparently in different stages of development,” a find- 
ing which was absent from the nodes in our 3 cases. They divided 
the necrobiotic process into several stages, the earliest consisting of 
“foci of cellular necrobiosis with virtually no reactive inflammation. 
These progressed to larger areas of necrosis with complete cell de- 
generation and disintegration and nuclear pyknosis and karyorrhexis. 
Nuclear particles were spread throughout the surrounding pulp, 
which showed marked histiocytic proliferation.”” Other authors—Short 
(1907), Keil (1940) and Klemperer, Pollack and Baehr (1941), to 
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name a few—also mentioned the areas of necrosis, so we are forced 
to conclude that this change, although not a consistent one, occurs 
frequently. Ginzler and Fox (1940) felt that “the occurrence of the 
focal necrotic lesions in the lymph nodes appeared to be as char- 
acteristic as the glomerular changes, though undoubtedly of less fre- 
quent occurrence.” Keil (1937) was of the opinion that the areas 
of necrosis so frequently observed in the lymph nodes were “formerly 
used as proof of tuberculous source,” which perhaps explain why the 
association of tuberculosis with disseminated lupus erythematosus was 
reported so often in the early literature on the subject. 


Taste II 


State of Lymph Nodes in 280* Cases of Disseminated Lupus Erythematosus 
Segregated According to Age and Sex 


Enlarged Not enlarged Condition not stated 
Age in 7 
years Female Male Total Female Male Total Female Male Total 
o-10 5 2 7 2 ° 2 ° ° ° 
II-20 35 II 46 15 2 17 3 2 5 
21-30 37 10 47 17 5 22 19 I 20 
31-40 21 5 26 13 I 14 7 I 8 
41-50 7 4 II 6 4 Io 7 ° 7 
51-60 3 ° 3 I I 2 2 ° 2 
61-70 ° ° ° 2 ° 2 2 ° 2 
Age not 

stated ° ° ° I ° I 22 I 23° 
Total 108 32 140 57 13 70 62 5 67* 


* Three cases (age and sex not given) not included in table. 


Moderate or marked enlargement of the lymph nodes in dissemi- 
nated lupus erythematosus occurs too often to be considered a mere 
coincidental finding. The enlargement may be localized, or generalized, 
involving the superficial and deep nodes of the entire body (Table 
III). Of 280 cases, the state of the lymph nodes was mentioned in 
210 (Table II). In 140, or 66.7 per cent, there was evidence of lymph 
node enlargement. These included 108 females and 32 males. We 
are inclined to view this figure as a conservative estimate of the degree 
of lymphadenopathy since in 55 of the remaining 140 cases (in which 
the nodes were not mentioned, or were said to be normal) necropsy 
was not performed. Tabulation of the enlarged nodes (Table III) 
shows the cervical chain to be involved most frequently, and the mesen- 
teric, axillary, inguinal and retroperitoneal groups somewhat less so. 
In 12 per cent lymphadenopathy was generalized. The predominant 
involvement of the cervical chain of nodes may be more apparent than 
real; in some patients the cervical enlargement was noted clinically, 
and many of these patients were still living at the time of reporting, 
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or died and did not come to necropsy. Nor do we believe that the 
enlargement of the cervical nodes is related to the facial eruption. 
This premise would fail to explain the enlarged nodes elsewhere in 
the body, or the cervical lymphadenopathy in patients without skin 
lesions (case 2). 


Morphologic Description 


The enlarged nodes in disseminated lupus erythematosus are usually 
discrete, and vary in size from 1 cm. in the longest diameter to “large 
as a fist or even larger.” They are soft and succulent, and enclosed 


Taste III 


Distribution of Lymph Node Enlargement in 140* Cases of Disseminated 
Lupus Erythematosus 


Group Female Male Total 
Supraclavicular and infraclavicular............... 7 3 10 


* The totals exceed the number of cases because in most instances more than one group 
of lymph nodes in the same patient was enlarged. 


in a moderately tense capsule. The external surface has a pale gray, 
shiny appearance. The shape is oval, as a rule. Areas of necrosis of 
a yellowish or grayish white color may be recognized grossly, and 
sometimes there are “discrete foci of hemorrhage.” Keil (1940) spoke 
of the “breakdown”’ of enlarged cervical lymph nodes “with the extru- 
sion of necrotic, often infected, tissue” and likened their appearance 
to the so-called “scrofulous glands” of tuberculosis. On section, the 
cut surface of the nodes bulges from the tense capsule which encloses 
it. The pulp is edematous and almost mushy in consistency. The 
follicles and trabeculae are obscured in a gray, homogeneous back- 
ground. 

Microscopically, the marked distortion of the lymphoid architecture 
by edema and engorgement is the most prominent feature (Figs. 1 and 
2). Neither primary nor secondary follicles remain. The lymph sinus- 
oids are swollen and distended with lymphocytes, plasma cells, 
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histiocytes and reticulum cells (Fig. 3). The endothelial cells are 
also swollen and hyperplastic. Almost the entire vascular bed is en- 
gorged, and the capillaries bulge with red cells. The pulp is crowded 
with lymphocytes, and plasma, mononuclear and reticulum cells. Poly- 
morphonuclear neutrophils are not numerous, and eosinophils are 
exceedingly rare. The mononuclear cells are swollen and have round, 
hyperchromatic, granular nuclei. Some contain cytoplastic deposits 
of nuclear débris. A few reticulum cells may be undergoing mitotic 
division. Among the numerous plasma cells many have two or even 
three nuclei (Fig. 4). A constant finding is a large neutrophilic to 
eosinophilic cell, scattered sporadically throughout the pulp. It is 
three or four times as large as a lymphocyte, and is not unlike a 
megakaryocyte. The nucleus is large and multilobulated, and two or 
more nuclei may be present. The cytoplasm is homogeneous and free 
of vacuoles (Fig. 5). This cell is not to be confused with the Sternberg 
cell of Hodgkin’s disease, or with the infectious mononucleosis cell 
described by Gall and Stout (1940) in the lymph nodes of that disease. 
The capsule, trabeculae and interstices of the node are not thickened, 
but isolated foci of fibroblastic proliferation may be noted. Some of 
the smaller arteries and arterioles are surrounded by a cuff of fibrous 
tissue, an alteration frequently observed around the central arterioles 
of the spleen (Fig. 6). These vessels may also show the distinctive 
changes of the disease usually seen in the viscera, particularly the 
kidneys. 

In addition to hematoxylin and eosin, special stains were used on 
representative sections. No increase in reticulum fibers was found 
with the aid of Wilder’s silver impregnation method, and Weigert’s 
differential stain failed to disclose the presence of fibrin. Neither 
Masson’s trichrome stain for connective tissue nor Mallory’s phloxine 
and methylene blue stain revealed any features not noted in the hema- 
. toxylin and eosin preparation. 


RELATED DATA 


Spiethoff, in 1912, was the first to investigate the peripheral blood 
of patients afflicted with disseminated lupus erythematosus. He re- 
ported 2 cases, 27 and 20 years of age, respectively. In 1, the white 
cell count ranged from 3,400 to 4,600 cells per cmm., never rising 
above 5,300. In the other, the initial count was 6,100 white blood 
cells per cmm., rising to 6,950 soon after. It then fell to 5,100, rose 
to 5,600 and reached 9,450 just before death. In 1915, Spiethoff com- 
mented briefly on the absence of leukocytosis and the tendency to 
leukopenia in this disease. Subsequently this feature was noted by 
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others, more and more frequently, and undoubtedly is part of the 
syndrome of disseminated lupus erythematosus. Of 142 cases in 
which white blood counts were performed, 90 had leukopenia (less 
than 5,500 white blood cells per cmm.) at some time during the course 
of the illness. In many there was a distinct tendency towards 
leukocytosis during the terminal phase of the disease, contradicting 
Madden’s statement that “the leucocyte count was lower just before 
death than at any other time.” The white blood count usually hovers 
around 4,000 cells per cmm., occasionally falling below 3,000, or rising 
above 5,000. In Madden’s sixth case, that of a girl of 20 years, the 
initial count of 4,000 white blood cells per cmm. rapidly fell to 1,200 
and finally descended to 350. Although counts as low as this are not 
common, it tends to emphasize the degree of leukopenia which might 
be expected. The differential count usually has a normal distribution, 
and eosinophilia is not a feature. Friedberg and Gross (1936), and 
others, commented upon the association of thrombopenia with some 
cases of disseminated lupus erythematosus. These usually displayed 
moderately severe leukopenia, but the latter finding was by no means 
limited to the cases with thrombopenia. 

Study of the bone marrow in disseminated lupus erythematosus has, 
perhaps, not received sufficient attention. The few comments on 
the state of the marrow, culled from the literature, are conflicting and 
inadequate. Certainly thrombopenia is not constantly associated with 
aplasia of the marrow. In Friedberg’s second case (E. K.), which 
displayed marked thrombopenia (80,000), “the bone marrow from 
a vertebra showed activity, with many myeloid cells of all types.” 
Templeton (1934) remarked that aplasia was noted in the marrow 
of his first case, in which the platelet count fell to 70,000. Baehr, 
Klemperer and Schifrin (1935) thought “perhaps due to toxic damage 
to bone marrow, or to vascular lesions in the marrow, the blood picture 
usually reveals evidences of a depression in bone marrow function, 
leukopenia, and a moderate anemia.” In 1941, Klemperer, Pollack 
and Baehr reported 20 selected cases of disseminated lupus ery- 
thematosus and commented to the effect that “the bone marrow 
showed no changes of significance.” Denzer and Blumenthal (1937) 
found the “bone marrow very cellular and the ratio of bone marrow 
cells normal” in their case. Ginzler and Fox (1940) said the red 
marrow in their case “showed definite hypoplasia of the blood-forming 
elements, though all were present in normal proportions. The marrow 
revealed no vascular alterations or areas of necrosis.” A sternal biopsy 
in case no. 24201 of the Cabot series (1938) showed hyperplasia of 
the marrow. Banks (1941) believed that “there is often depression 
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of the bone marrow” in cases of disseminated lupus erythematosus, 
although in his case the marrow was not mentioned. The marrow 
(sternum) was examined in only 1 of our 3 cases (case 2) and failed 
to show any dyscrasia to account for the almost constant leukopenia. 
Splenomegaly is not a feature of disseminated lupus erythematosus 
and “‘is best remembered in a negative way.” In the cases reviewed 
in this paper, the spleen was mentioned specifically in 220, and in 
only 81 (36.8 per cent) of these was it enlarged. In none was the 
enlargement massive. Only 3 of the 20 cases of Klemperer, Pollack 
and Baehr had spleens which weighed over 300 gm. The average 
weight was 260 gm. In our 3 cases the spleens weighed 220, 240 and 
218 gm. Except for frequent evidence of perisplenitis and focal in- 
farction, there were no characteristic changes reported in the litera- 
ture. A few authors noted miliary tubercles as part of a generalized 
state of miliary tuberculosis. Microscopically, two features were men- 
tioned frequently, although not always in combination. These were 
areas of focal necrosis, similar to those described in the lymph nodes, 
and “a peculiar periarterial fibrosis limited to the central and penicil- 
liary arteries.”” Klemperer, Pollack and Baehr (1941) gave prominence 
to the latter feature, having noted it in 19 of their 20 cases. “In cross 
sections of these vessels (central and penicilliary arteries) the fibrosis 
assumes a pattern of concentric rings of stout collagen fibers, with 
few intercalated fibroblasts.” The necrotic areas are formed of poorly 
circumscribed zones of cellular débris. The nuclei of the cells which 
remain are pyknotic and karyorrhectic. At the periphery of such 
zones, the necrotic elements gradually blend with the surrounding 
nonnecrotic pulp, without forming any sharp line of demarcation. 


REPORTS OF CASES 


We wish to record 3 cases of disseminated lupus erythematosus, all 
of which had more or less generalized lymphadenopathy without evi- 
dence of tuberculosis. One case (L. P.) is of especial interest because 
of the absence of skin lesions (lupus sine lupus). It was the marked 
lymph node enlargement in this particular case which focused our 
attention upon the rdle of the lymph nodes in the disseminated form 
of lupus erythematosus. 


Case 1 


H. P. (N.B.G.H. 93782*), a white, native-born female, 24 years of age, enjoyed 
good health until 1937, when she developed a “crusting lesion” of the skin of the 
face. At that time she was suffering from “‘an infected tooth.” A dermatologist con- 


* We are indebted to Dr. John C. White of the New Britain General Hospital for 
permission to report this case. 


82 FOX AND ROSAHN 


sidered the skin condition to be “acute lupus erythematosus.” She had had measles, 
mumps and whooping cough during childhood. No history of close contact with tu- 
berculosis, or of rheumatic fever was elicited. The family history was noncontribu- 
tory. Intramuscular injections of 3 per cent bismuth sodium tartrate were admin- 
istered weekly until March, 1938, when the skin lesion disappeared. Three months 
later, a similar skin eruption appeared beneath the left eyelid and slowly spread to 
adjacent areas. Eighteen additional injections of the bismuth preparation were given 
without beneficial effect. In June, 1939, complete physical examination revealed a 
well developed and well nourished female with soft white skin. There was an 
erythematous crusting lesion over the bridge of the nose extending to both cheeks. 
The eyes and eyegrounds were normal. No abnormalities were noted in the heart 
or lungs and this was confirmed by x-ray examination. Blood pressure was 110/78 
and pulse 85 per minute. The liver and spleen were not palpable. Rectal examina- 
tion was negative. The tendon reflexes were equal and “very active.” A small, 
nontender lymph node was felt in the right axilla. Roentgenograms of the teeth 
failed to show evidence of infection. 

Laboratory tests at this time showed the hemoglobin to be 70 per cent (New- 
comber), a “normal” urine and a negative flocculation test (Hinton). A tubercu- 
lin patch test was “faintly positive.” In the spring of 1939, gold sodium thiosul- 
fate and vitamins B and D were given; the patient was instructed to avoid exposure 
to sunlight. In addition, increasing doses of chaulmoogra oil were given intra- 
muscularly, beginning with 1 cc., but were discontinued after the fourth injection 
because of a “painful, swollen, hot, indurated area which formed in the right 
buttock,” associated with edema of the right lower extremity. Ten days after the 
last injection of chaulmoogra oil the patient developed pitting edema of both lower 
extremities, tenderness of the skin of the feet and ankles and a generalized macu- 
lopapular, pruritic eruption. Sulfanilamide, 20 grains, was given daily, for 6 days, 
without improvement. At this time enlarged, tender lymph nodes appeared in the 
epitrochlear, axillary and inguinal regions. The patient was admitted to the New 
Britain General Hospital on October 30, 1939, because of increasing weakness and 
malaise, associated with dizziness, swelling and tenderness of the right wrist and 
severe pain in the extremities. Her throat was “sore,” and she had “bleeding 
gums.” The temperature was 99° F.; pulse, 86 per minute; respiration, 20 per 
minute. There was a florid, crusted erythema of the forehead, nose and cheeks and 
a crusting, weeping eruption of the hands. The generalized rash had disappeared. 
The mucous membrane of the mouth was pale and the gums bled easily. Diffuse, 
sonorous rales were heard throughout both lung fields, without impairment of 
resonance or breath sounds. The heart was “normal.” The spleen was not palpated, 
nor were there any swollen or tender lymph nodes at this time. The peripheral 
edema had disappeared, but marked tenderness was noted over the left heel, right 
wrist and right shoulder. 

Laboratory Data. Hemoglobin, 66 per cent (10.0 gm.); red blood cells, 3 million 
per cmm.; white blood cells, 9,800 per cmm., with 65 per cent polymorphonuclear 
neutrophils, 31 per cent lymphocytes, 2 per cent eosinophils, 2 per cent monocytes. 
Sedimentation rate (Westergren), 120 mm. in 1 hour. Urine: specific gravity, 
1.018; albumin, trace; red blood cells, few; occasional granular cast per low-power 
field. Transfusions of whole blood were given, and 10 days after admission to the 
hospital the hemoglobin was 69 per cent (10.5 gm.); red blood cells numbered 3 
million per cmm.; white blood cells, 6,900 per cmm., with 63 per cent polymor- 
phonuclear neutrophils, 34 per cent lymphocytes and 3 per cent eosinophils. Two 
days later the hemoglobin was 72 per cent (11.0 gm.); red blood cells, 4 million 
per cmm.; white blood cells, 6,500 per cmm., with 79 per cent polymorphonuclear 
neutrophils, 20 per cent lymphocytes and 1 per cent eosinophils. Two blood cul- 
tures were sterile. The blood nonprotein nitrogen was 123 mg. per cent and the 
creatinine, 2.5 mg. per cent. 
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Course. The temperature fluctuated between 99° and 103° F., rising to 105° on 
one occasion. Supportive treatment in the form of vitamin concentrates, diet and 
small repeated blood transfusions was given. Roentgenograms of the chest, 12 days 
following admission, revealed ‘‘bronchopneumonia” at the base of the left lung. 
Appetite diminished and somnolence increased, accompanied by involuntary twitch- 
ings. The patient died on the 17th hospital day. 


Necropsy 


The necropsy was performed 2 hours after death. Only the pertinent 
findings are recorded. 

External Examination. Over the skin of the face there was a dry, 
scaly, blanched area with indefinite borders. It covered the bridge 
of the nose and both cheeks in butterfly fashion. Similar patches were 
found in the temporal regions, bilaterally, stopping abruptly at the 
hairline. There was no fissuring or loss of surface epithelium. A few 
similar patches of small size were found in the skin of the forehead, 
chest, and over the extensor surfaces of the arms, forearms and fingers. 
The skin of the entire back was peppered with slightly raised, punctate, 
maculopapules, most numerous over the bony thorax. The superficial 
lymph nodes were not palpable. 

Internal Examination. The heart weighed 310 gm. There was no 
evidence of hypertrophy, thrombi, or valvular defects. The right and 
left lungs weighed 630 and 510 gm., respectively. The visceral pleura 
of the right lung was covered by strands of gray fibrin, especially over 
an accessory fourth lobe, situated between the right upper and middle 
lobes in the axillary line. It was solid and noncrepitant. The cut 
surface was engorged, gray-red and granular. Palpation disclosed 
numerous small, nodular areas, deep within the lung substance, which 
on section were slightly raised, bluish red, granular zones. Yellow pus 
exuded from the smaller bronchi and bronchioles in the centers of the 
granular areas mentioned above. These granular lesions were most 
numerous throughout the lower lobes of both lungs. There was no 
scarring or evidence of tuberculosis. The diver was swollen and 
weighed 1820 gm. It measured 30 by 21 by 7 cm. The external surface 
was mottled yellow-red; the cut surface was marked by scattered, 
small gray areas of necrosis, situated in a yellowish red background. 
The spleen was large and soft. It weighed 220 gm. and measured 14.5 
by 8 by 3 cm. The capsule was smooth and tense; the cut surface 
bulged away from the capsule and revealed numerous, well defined, 
large gray malpighian corpuscles. At one pole there was a well cir- 
cumscribed, necrotic gray zone, 1 cm. in diameter, as well as other 
smaller, similar zones. The pulp was deep red and soft. The right 
kidney weighed 220 gm. and measured 13 by 6.3 by 3 cm. The /eft 
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kidney weighed 230 gm. and measured 12.5 by 6.5 by 4 cm. A soft, 
wedge-shaped, gray-yellow zone was found in the cortex of the left 
kidney. The /ymph nodes surrounding the aorta and those situated 
in the mesentery of the small intestine were all discretely enlarged, 
tense and succulent. The external surface was reddish pink, smooth 
and moist. On section the cut surface was homogeneously gray and 
moist. The follicle markings were obliterated, and there was no evi- 
dence of necrosis. 

Microscopic Examination. No vascular changes or evidence of 
infiltration were noted in the Heart. The bronchioles of the /ungs were 
distended with an exudate consisting principally of polymorphonuclear 
cells, mixed with desquamated bronchiolar epithelium. The exudate 
extended from the bronchioles to involve the surrounding alveoli, and 
was also noted on the pleural surface. The malpighian corpuscles of 
the spleen showed extensive changes. The central arterioles were 
reduplicated and their walls were irregularly thickened. The out- 
standing finding, however, was thick collars of homogeneous, pink, 
acellular, periarterial connective tissue. The central arterioles were 
situated within these dense fibrous zones which occupied the major 
portion of the malpighian bodies. Some arterioles had deep red mural 
deposits of fibrinoid material, but the lumina were usually widely 
patent. A single large zone of necrosis, involving both the red and 
white pulp, was noted; at its periphery there was a wide band of 
hemorrhage and congestion. A small accessory spleen showed similar 
changes. There was no obvious scarring of the renal cortex, but the 
glomerular changes were very striking. Many endothelial cells lining 
Bowman’s capsule were swollen, and there was rare capsular crescent 
formation. Bowman’s space was filled with pink granular material 
in some places. Most of the glomerular tufts were free, although 
occasionally definite adhesions were present between them and the 
capsule. The prominent changes, however, were in the glomerular 
tufts, which were large and swollen. The swelling was not due to 
cellular proliferation, but rather to the deposition of deep pink-staining, 
collagenous tissue. Under subdued light, the connective tissue thick- 
ening of the basement membrane conformed to the typical “wire loop” 
design described in disseminated lupus erythematosus. Only rarely 
was a bright red focus of fibrinoid material seen within the glomerular 
tuft. The tubular epithelium was universally swollen and granular, 
and the lumina were filled with pink granular débris. No alteration 
of the afferent arterioles or medium-sized arteries was noted. A section 
of skin from a scaly lesion on the chest wall had a thin epidermis 
surmounted by a thin layer of keratin. Beneath the basal layer there 
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were scattered large mononuclear cells containing brown pigment, 
resembling hemosiderin. In addition, a small focus of lymphocytes 
and plasma cells was noted in the dermis. There was no sign of acute 
inflammation. All the lymph nodes examined were similar, but the 
structure of one node in the peripancreatic group was so completely 
disorganized that it was not possible to distinguish lymph follicles. 
This was due to the widespread edema which separated adjacent cells, 
associated with marked engorgement. The outstanding feature, how- 
ever, was the diffuse increase in the number of reticulum cells. Areas 
of necrosis were not seen. 

Anatomic Diagnosis. Scaly erythematous lesions of skin of face, 
anterior chest wall and arms; acute necrotizing arteriolitis of spleen 
and kidneys; hyperplasia of abdominal lymph nodes; focal pneumonia. 
(The anatomic findings were consistent with the clinical diagnosis of 
disseminated lupus erythematosus. ) 


Case 2 


L. P. (N.B.G.H. 104075*), a white, Swedish female, 35 years old, was admitted 
to the New Britain General Hospital on April 22, 1941, complaining of “swelling 
of the glands of the neck.” She stated that for 114 years prior to admission she 
had had painful, symmetrical swelling of the middle joints of the fingers of both 
hands. During the past year she suffered from “arthritis of the neck, shoulders, 
spine and hips.” Three months before admission she received “a course of gold 
injections” for the arthritic symptoms, without relief. She had the usual “‘child- 
hood diseases.” In 1935, an operation was performed for some gynecologic dis- 
order, the nature of which was not known. The appendix was removed at that 
time. In 1937, she was treated for “an ulcer of the rectum.” Her father died of 
“carcinoma of the pancreas’; her mother and seven siblings were living and well. 
Her husband and two children were also living and well. 

Upon admission to the hospital the skin of the entire body was “clear.” There 
was bilateral clubbing of the fingers and slight hypertrophy of the middle joints. 
Symmetrical nodular swelling of the preauricular, postauricular and superficial and 
deep cervical lymph nodes was noted. Roentgenograms of the chest showed “en- 
largement of the left auricle of the heart, and pulmonary congestion.” 

Laboratory Data. Hemoglobin, 57 per cent (8.7 gm.); red blood cells, 3.0 million 
per cmm.; white blood cells, 4,300 per cmm., with 68 per cent polymorphonuclear 
neutrophils, 27 per cent lymphocytes and 5 per cent monocytes. Sedimentation 
rate (Westergren method), 39 mm. in 1 hour. Urine: specific gravity, 1.006; albu- 
min, +++; red blood cells, 175 to 200 per high-power field; 25 to 35 leukocytes 
per high-power field. 

Course. Three days after admission a cervical lymph node was removed for 
diagnosis; it showed “lymphoid hyperplasia, nonspecific.” Temperature ranged 
around 100° F., rising to 102.4° F. on one occasion. The pulse fluctuated between 
70 and go per minute, respirations were 20 per minute and blood pressure was 
162/100. The patient was discharged unimproved 4 days later. 

Final Admission. The patient was readmitted to the New Britain General Hospi- 
tal on May 20, 1941, complaining of a “choking sensation” beneath the lower 


* We are indebted to Dr. Roger T. Scully of the New Britain General Hospital for 
permission to report this case. 
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sternum, associated with difficulty in breathing. These symptoms occurred at in- 
tervals of 3 to 4 days and would last for about 24 hours. There was intermittent 
nonproductive coughing, and on one occasion “rather profuse” hemoptysis. At this 
time the temperature was 99° F., pulse 90 per minute and respiration 20 per 
minute. Blood pressure was 120/go. A faint systolic, apical murmur was heard 
“occasionally.” Multiple ‘“petechiae” were found on the hard palate, and skin of 
the trunk. Bilateral costovertebral-angle tenderness was noted, and Murphy’s sign 
was positive. 

Laboratory Data. Hemoglobin, 40 per cent (6.1 gm.) ; red blood cells, 2.3 million 
per cmm.; white blood cells, 3,300 per cmm., with 63 per cent polymorphonuclear 
neutrophils, 32 per cent lymphocytes, 2 per cent eosinophils and 3 per cent mono- 
cytes. Sedimentation rate (Westergren), 70 mm. per hour. Urine: specific gravity, 
1.004; albumin, ++; 125 to 150 red blood cells per high-power field; 20 to 25 
leukocytes per high-power field; 6 to 7 granular casts per low-power field. The 
blood nonprotein nitrogen was 50 mg. per cent and the creatinine, 1.8 mg. per cent. 
Repeated blood cultures were sterile after 15 days. 

The temperature ranged from g9° to 101° F. for 10 days, rising to 102° or 
103° F. for a period of 1 week. It then fell to 99° F. for 5 days, only to rise 
precipitously to 103° F., reaching 104.6° F. on one occasion. From this time until 
death it continued at about 102° F. with minor fluctuations. The pulse rate more or 
less paralleled the temperature. The patient’s condition became progressively worse. 
Numerous pyogenic cutaneous lesions appeared, particularly around the eyelids. At 
no time was any skin rash noted. She died on July 25, 1941, approximately 17 
months after the onset of symptoms. 


Necropsy 


The necropsy was performed 9% hours after death. 

External Examination. The body was that of a well developed, but 
poorly nourished, white female of 35 years. The hair was reddish 
blonde; the skin was pale and clear; a few ecchymotic areas were 
found over the anterior chest wall and upper abdomen, but there were 
no petechiae. The posterior auricular and superficial cervical lymph 
nodes were moderately enlarged. The fingers were fusiform in shape, 
and clubbed. 

Internal Examination. The right and left pleural cavities contained 
200 and 100 cc. of clear, straw-colored fluid, respectively. The visceral 
pleura over the lower lobe of the right lung was partly covered by 
flakes of yellow fibrin. The right lung weighed 770 gm. The lower 
lobe was firm; the middle and upper lobes were crepitant and flabby. 
On section, the cut surface of the right lower lobe was reddish pink, 
and contained many poorly circumscribed, small gray-yellow areas. 
On pressure, thick yellow pus exuded from these areas. The left lung 
weighed 420 gm., and its external surface was smooth and glistening. 
Both the upper and lower lobes were crepitant. The seart weighed 
270 gm. Except for slight thickening along the line of closure of the 
mitral valve, no valvular deformities were noted. The peritoneal cavity 
contained about 300 cc. of clear greenish fluid. The appendix was 
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absent. The liver weighed 1530 gm. and measured 23 by 19 by 7 cm. 
The spleen weighed 240 gm. and measured. 14 by 9 by 6 cm. It was 
flabby in consistency; the capsule was bluish gray and wrinkled. On 
section, the cut surface was blue-red and studded with innumerable 
tiny gray flecks. The pulp could be scraped away easily. The kidneys 
were similar to each other. The right weighed 190 gm. and measured 
13 by 6 by 3.5 cm.; the left weighed 220 gm. and measured 13 by 7 
by 4 cm. The smooth, glistening capsules were stripped with ease, 
revealing a shiny, brick-red, lobulated cortical surface. Scattered over 
the cortical surfaces there were innumerable tiny hemorrhagic dots 
and streaks. On section, the cortex was 5 mm. in average thickness; 
the cut surface of both cortex and medulla was marked by hemorrhagic 
foci, similar to those on the external surface. The pelves and uretero- 
pelvic junctions were not dilated. The mucosa of the slightly dilated 
urinary bladder was marked by several large, poorly circumscribed, 
hemorrhagic areas. The pelvic organs were all present and unaltered. 
The tracheobronchial, inguinal, pelvic and iliac groups of lymph nodes 
were enlarged, soft and succulent; the largest measured 2.5 cm. in 
longest diameter. The external surface was smooth, moist and reddish 
gray. On section, the cut surface had an edematous injected appear- 
ance. The lymph nodes in the region of the common bile duct and 
second portion of the duodenum, were also enlarged, as were those 
in the region of the stomach. 

Microscopic Examination. The mitral valve was moderately thick- 
ened by loose cellular connective tissue in which there were small foci 
of lymphocytes. Near the base of the cusp the nuclei of the fibroblasts 
were arranged in palisade formation. Along the free border, opposite 
the area of palisading, there were a few “Anitschkow myocytes.” Sec- 
tions from the lower lobe of the right lung showed the alveoli to be 
completely filled with exudate composed of polymorphonuclear neutro- 
phils, lymphocytes, mononuclear cells, fibrin and precipitated fluid. 
The lumina of the smaller bronchi and bronchioles were filled with a 
similar exudate. Isolated foci of Gram-positive cocci, arranged in 
chains, were found throughout the exudate. The malpighian corpuscles 
of the spleen appeared to be reduced in size and number. The walls 
of many of the central arterioles were thickened, without luminal 
narrowing, by homogeneous eosinophilic material. With Masson’s 
trichrome method the inner portion of the vessel wall stained reddish 
purple and the outer portion green. Around some of the arterioles 
there was a wide cuff of fibrous connective tissue. The red pulp was 
engorged and diffusely infiltrated by polymorphonuclear neutrophils, 
lymphocytes, plasma cells and mononuclear cells. Several large cells 
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with single, round, or multilobulated hyperchromatic nuclei were also 
present. There were no areas of necrosis. Sections from both kidneys 
showed the glomeruli to be markedly altered by fusion of the tufts, 
both to each other and to Bowman’s capsule. In a majority of the 
glomeruli, one or more, often two or three, tufts were converted into 
an eosinophilic granular necrotic mass in which all cellular detail was 
obscured. Portions of the conglomerate mass had a bluish hue. In 
some glomeruli, tufts at opposite poles showed these alterations and 
the intervening tufts were relatively unchanged. The basement mem- 
brane of many tufts was thickened so that the outlines were clearly 
visible, in sharp contrast to the surrounding, more or less indis- 
criminate mass. This accentuation of the basement membranes em- 
phasized the ‘‘wire loop” picture described by Baehr, Klemperer and 
Schifrin (1935). The capillaries of the uninvolved tufts were en- 
gorged, and surrounded by lymphocytes and polymorphonuclear neu- 
trophils. Bowman’s capsule, for the most part, was not thickened. 
However, in some places so much connective tissue thickening had 
occurred that the capsular space was completely obliterated and the 
glomeruli compressed. The afferent arterioles and juxtaglomerular 
bodies appeared to be unaltered. The interlobular and arcuate arteries 
were apparently spared. The intertubular stroma throughout both 
cortex and medulla was diffusely infiltrated by lymphocytes, plasma 
cells and a few polymorphonuclear neutrophils. The tubular cells 
were not altered although many tubules contained precipitated al- 
buminous material. With Masson’s trichrome method the eosinophilic 
glomerular masses stained red, suggesting necrosis. The thickened 
basement membrane of the glomerular tufts stained green, accen- 
tuating their “wire loop” appearance. The latter was also demon- 
strated by stains for elastic tissue and by van Gieson’s mixture. In 
sections of the enlarged lymph nodes the architecture was distorted 
by marked engorgement of the blood vessels and edema of the lymph 
sinuses. Neither primary nor secondary lymph follicles were present. 
In addition to the lymphocytes usually seen in the pulp, there were 
innumerable plasma and large mononuclear cells. Some of the plasma 
cells had two nuclei. The nuclei of many of the large mononuclear 
cells were hyperchromatic, multilobed, and a few were undergoing 
mitosis; the cytoplasm was basophilic. There were also many reticu- 
lum cells. The wall of a small arteriole, in a section of inguinal lymph 
node, was thickened by eosinophilic hyaline material, like that de- 
scribed in the kidneys. A few arterioles in iliac nodes contained reddish 
blue granular plugs; their walls were thickened by connective tissue, 
with slight perivascular fibrosis. There was no apparent diminution 
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in the cellularity of the sternal bone marrow to account for the 
leukopenia noted clinically. 

Anatomic Diagnoses. Primary. Acute necrotizing arteriolitis of kid- 
neys and spleen; generalized enlargement of lymph nodes; fibrinous 
pleurisy and lobular pneumonia; acute splenic tumor; chronic cystitis; 
hydrothorax, bilateral; hydropericardium; ascites. Subsidiary. Fibrous 
thickening of mitral valve; scar of abdominal skin; absence of appen- 
dix. (The anatomic findings were consistent with the clinical diagnosis 
of disseminated lupus erythematosus sine lupus. ) 


Case 3 


L. M. (N.H.H. A76000*), white, American-born female, 16 years old, first de- 
veloped “a pink wrinkled spot on the nose at the age of 7 years.’ When she was 
14 years old the lesion, which had remained stationary until then, turned brown 
and became scaly. In February, 1937, at the age of 16 years, the posterior cervical 
and occipital lymph nodes became swollen,. In May of that year, a barber noted 
that the patient had “eczema of the scalp and falling hair.”” One month later, red, 
swollen, itching patches developed on the cheeks and spread rapidly to involve the 
entire face except for the circumoral region. The eruption became scaly, soon ex- 
tended to the shoulders and somewhat later to the upper thorax and arms. During 
this time swelling and pain in the “ankles, knees, hands and back” became manifest, 
and in August, 1937, easy fatigability, shortness of breath, nocturnal fever, anorexia, 
and red spots on the fingers and palms were noted. 

The past history was noncontributory. Her mother had an area of pigmentation 
over the jaw, bilaterally, which had developed during pregnancy. 

The patient was admitted to the New Haven Hospital for the first time on 
August 31, 1937. She had fever (103° F.), enlarged heart with tachycardia (124), 
gallop rhythm and incomplete atrioventricular block. There was generalized glandu- 
lar enlargement. The spleen was not palpable. On September 7th the red blood 
cells numbered 2.87 million per cmm. with 62 per cent hemoglobin; white blood 
cells, 6,300 per cmm.; polymorphonuclears, 83 per cent; lymphocytes, 16 per cent; 
basophils, 1 per cent. After three blood transfusions the patient’s serum agglu- 
tinated the cells of all prospective donors. Treatment consisted of liver, iron and, 
later, nicotinic acid. Two weeks after admission the skin lesion appeared to be re- 
ceding and showed evidence of pigmentation. Three months later the eruption blos- 
somed again, accompanied by hematuria, albuminuria, nausea, vomiting, ascites and 
pericardial effusion. The blood nonprotein nitrogen rose to 100 mg. per cent, but 
rapidly fell to 36 mg. per cent in 2 weeks’ time. She was discharged from the hospi- 
tal in April, 1938. 

At home her condition seemed to improve, and she gained 10 Ibs. in weight. 
During the latter part of May, 1938, however, she suddenly experienced severe 
stabbing precordial pain, precipitated by deep respiration. There was associated 
fever and weight loss, as well as recurrence of the skin lesion. She was readmitted 
to the hospital on January 14, 1938. At this time her heart measured 21 cm. in 
transverse diameter, as determined by roentgenograms, and the lower lobe of the 
left lung was “atelectatic.” During her hospital stay the cardiac dimensions de- 
creased slowly, and the skin lesion faded. She was discharged on August 12, 1938. 

The patient was then ambulatory for approximately 6 months, during which time 
she was troubled occasionally by arthralgia of the knees and fingers. The precordial 
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pain and dyspnea gradually returned, as did the “rash of the face and hands.” The 
third admission to the hospital was on March 11, 1939. The cardiac findings were 
similar to those of the previous admission, plus a systolic murmur in the mitral 
area. Following discharge on April 12, 1939, she suffered from “mumps and poison 
Ivy. 

She was readmitted to the hospital on December 29, 1939, because of swelling of 
the ankles of 1 month’s duration. Hypertension (180/110) was noted for the first 
time; the cardiac findings were unchanged. The blood nonprotein nitrogen was 51 
mg. per cent; serum protein, 4.26 per cent, with reversed albumin-globulin ratio; 
urinary albumin, ++-+-. On a salt-free, high protein diet the edema disappeared, 
and she was discharged on February 2, 1940. A few days later the edema re- 
appeared and persisted. It was accompanied by dyspnea, orthopnea, anorexia, 
nausea, vomiting, epigastric discomfort, cough, restlessness, and thirst. 

Final admission to the hospital was on February 23, 1940. Temperature was 
100.2° F., pulse 100 per minute, respirations 24 per minute and blood pressure 
144/112. On examination, the patient, who was now 1g years of age, was found to 
be chronically ill, with dry scaling, brown pigmentation of the face, distributed in 
butterfly pattern over the bridge of the nose. Elsewhere the skin was clear but dry. 
Signs of focal pneumonia were found. There was gallop rhythm, and a systolic 
murmur at the apex of the heart. The lower border of the liver extended 5 cm. 
below the right costal margin. The abdomen was distended and a fluid wave was 
elicited. There was pitting edema of the lower extremities and presacral region. 
The blood nonprotein nitrogen was 102 mg. per cent; serum protein, 5.8 per cent, 
with reversed albumin-globulin ratio and marked albuminuria. The sedimentation 
rate was not elevated. Digitalis and supportive therapy were given without relief. 
She became anuric on the fourth hospital day, and died 3 days later. 


Necropsy 


The necropsy was performed 1 hour and 40 minutes after death. 

External Examination. The skin of the face was dry and scaly, 
with small, pale brown areas distributed in mottled fashion. The dis- 
coloration was absent around the alae nasae, over the chin, eyelids 
and base of the nose. The dryness and discoloration were also noted 
over the scalp, but stopped abruptly just beneath the mandible, did 
not extend over the neck nor over other parts of the body. The 
skin of the thorax and upper extremities was dry and loose; over the 
lower extremities it was tightly stretched, and there was moderate 
subcutaneous edema. There were no palpable lymph nodes in the 
cervical, supraclavicular, epitrochlear or inguinal regions; several 
small, firm, easily movable nodes were palpated in each axilla. 

Internal Examination. The pericardial cavity contained 450 cc. of 
clear yellow fluid. There were numerous dense adhesions around the 
spleen and over the surface of the liver. The heart, together with the 
pericardium and bases of the great vessels, weighed 540 gm. The 
epicardium was thick and opaque. The pericardial space was com- 
pletely obliterated by fibrous adhesions. The right atrium and ventricle 
were moderately dilated. The mitral valve was thickened and rolled 
along the free margin. The anterior cusp was quite short and bound 
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down to the ventricular endocardium by thin adhesions. The chordae 
tendineae of this cusp were thick and fused, as were the papillary 
muscles. The right and Jeft lungs weighed 235 and 188 gm., respec- 
tively. Thick fibrous pleural adhesions were found. Each pleural 
cavity contained about 140 cc. of clear yellow fluid. Externally the 
lungs were pale pink, mottled by gray lines and flecks. The lungs 
were soft to palpation, except the left lower lobe, which was moderately 
crepitant. On the lateral aspect of the right upper lobe there was a 
brown-red, wedge-shaped area, 2 cm. in diameter. The spleen weighed 
218 gm. and measured 12 by 7.5 by 4 cm. The external surface was 
dull purple, and the capsule was roughened by tags of fibrous tissue. 
The malpighian corpuscles stood out in the cut surface as small gray 
nodules, surrounded by soft pulp which could be scraped away easily. 
The liver weighed 1605 gm. and measured 25 by 19 by 8 cm. Each 
kidney weighed 180 gm. The right measured 11 by 6.5 by 4, and the 
left 10 by 7.5 by 4 cm. The capsules were stripped easily, revealing 
a mottled pink cortical surface, peppered by protruding, white, round 
areas, less than 1 mm. in diameter. Among these were small red dots, 
suggesting petechiae. The cut surface was similar to the external 
surface. The calyces, pelves and ureters were not dilated. There were 
several small, firm, easily movable nodes in the abdominal cavity and 
axillae; all showed evidence of pigmentation and hyperplasia. The 
calvarium, which transmitted light, contained considerable red marrow. 

Microscopic Examination. A section of heart showed the small 
arteries of the myocardium to be markedly thickened so that the 
lumen was reduced to a narrow slit. However, the musculature was 
well preserved. Two small necrotic foci were present in which the 
muscle fibers were replaced by faint, pink-staining, granular material, 
surrounded by a few scattered lymphocytes. The smaller arterial 
branches in the dung sections revealed a striking degree of mural 
thickening, with marked reduction of the lumina. Sections from the 
right upper lobe showed foci of pneumonia. The malpighian corpuscles 
of the spleen were large. Their central arterioles had very thick walls 
of dense connective tissue, and many vessels were surrounded by 
increased fibrous tissue, in some cases involving most of the malpighian 
corpuscles. There were no necrotic foci. The small arteries of the 
pancreas also showed marked eccentric intimal thickening due to dense 
connective tissue. The /iver was not remarkable. The small arteries 
in the periadrenal fat were thickened. 

Marked changes were noted in the arteries and arterioles of the 
kidneys. The larger vessels showed advanced eccentric intimal thick- 
ening by loose connective tissue. The smaller arteries, however, were 
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altered by a necrotic process in varying stages of development. In 
some places the wall consisted almost entirely of bright, pink-staining, 
fibrinlike material, which was infiltrated by polymorphonuclear cells. 
Some vessels were rimmed by increased connective tissue and lympho- 
cytes. Practically all glomeruli were surrounded by a thick ring of 
dense connective tissue, representing all stages of fibrotic change, 
including obliteration of the glomerulus; some were hyalinized. A 
few showed proliferation of Bowman’s capsule, and many were un- 
usually small. Isolated glomeruli were quite large, and their capil- 
laries were engorged. The convoluted tubules varied strikingly, a 
cluster of them being widely dilated, and an adjacent group com- 
pressed by scar tissue. Many contained a small amount of pink granu- 
lar material. The epithelium of the urinary bladder was not unusual. 
The muscle and subserosa contained small arteries which showed 
striking arteritis and periarteritis. One artery had a pinpoint lumen 
surrounded by a thick wall of granular necrotic material; the latter 
stained bright pink and had the appearance of fibrin. There were a 
few polymorphonuclear neutrophils in the wall, and perivascular clus- 
ters of lymphocytes. The wall of another vessel was composed of gray, 
necrotic, amorphous material. 

The sinusoids of an abdominal lymph node were distended and 
relatively free of cells. Here and there eosinophils and large phago- 
cytic cells were noted. The medullary cords and margins of the sinus- 
oids were dotted by large numbers of mononuclear cells which were 
filled with brilliant brown pigment. The capillaries throughout the 
section were engorged. The tongue was the site of an acute inflam- 
matory process; there were areas of necrosis and intense poly- 
morphonuclear cellular infiltration in the superficial musculature. A 
section from the rectus abdominus muscle presented a small artery 
surrounded by densely packed lymphocytes. Some of the muscle fibers, 
seen only on cross section, stained bright pink; stippling, clearly seen 
in the less deeply stained fibers, was absent. The skin from the region 
of the left ear showed areas of brown pigmentation. The epidermis 
was thin, consisting of a basal layer, a narrow strip of stratum 
spinosum, and a single row of granular cells, surmounted by a rather 
thick layer of keratin. There was marked parakeratosis; almost all 
of the spinous layer consisted of thin, poorly demarcated, elongated 
cells with pink cytoplasm. In the dermis, close to the basal layer, 
there was a row of small mononuclear cells containing light brown 
granular pigment. Several small foci were seen in the subepithelial 
layers of the dermis in which the connective tissue stained deep pink 
and appeared hyalinized. There was moderate lymphocytic concen- 
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tration around some of the hair follicles and small arteries. Small 
hemorrhages were seen in the superficial portion of the mucosa of the 
colon. Many small arteries of the muscularis and subserosa had 
thickened walls and small lumina. One such vessel contained a large 
mass of connective tissue, probably an organized thrombus. The wall 
of this vessel was infiltrated by lymphocytes and plasma cells. 

Anatomic Diagnosis. Primary. Acute necrotizing arteriolitis of kid- 
neys; pigmentation, thickening and desquamation of skin of face and 
scalp; fibrous pericardial, pleural and peritoneal adhesions; cardiac 
hypertrophy; subcutaneous and cerebral edema; hydrothorax (bi- 
lateral); ascites; focal pneumonia (right upper lobe); pigmentation 
and hyperplasia of axillary and abdominal lymph nodes. Subsidiary. 
Fibrous thickening of mitral valve; ovarian cyst. (The anatomic find- 
ings were consistent with the clinical diagnosis of disseminated lupus 
erythematosus. ) 


SUMMARY AND CONCLUSION 


This study was undertaken in an effort to determine the role of 
the lymph nodes in the syndrome of disseminated lupus erythematosus. 
A review was made of 277 reported cases, and 3 additional cases are 
reported in detail. The disease is most prevalent among white indi- 
viduals between the ages of 11 and 40 years, with females predomi- 
nating over males 3.5 to 1. Three Negroes, 1 Hawaiian of Japanese 
extraction, and 2 Puerto Ricans were included in the group. The 
lymph nodes were enlarged, either locally or generally, in 66.7 per cent 
of those cases in which they were specifically mentioned. The fre- 
quency of enlargement parallels the general incidence of the disease 
as to age and sex. The cervical group of nodes was enlarged most 
frequently, followed by the mesenteric, axillary, inguinal and retroperi- 
toneal groups. The morphologic changes in the enlarged nodes are 
described in detail. The histologic picture is chiefly one of edema 
and engorgement, associated not infrequently with areas of necrosis. 
These features are considered suggestive of, but not specific for, the 
disease. 
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DESCRIPTION OF PLATES 


PLATE I0 


1. Marked engorgement and loss of normal architecture in the enlarged lymph 
nodes. Hematoxylin and eosin stain. X 85. 


2. Edema of enlarged lymph nodes. Hematoxylin and eosin stain. X 250. 


3. Loss of normal architecture and cellular hyperplasia in enlarged lymph 


nodes. Hematoxylin and eosin stain. X 8s. 
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PLATE 
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Fic. 4. Numerous plasma cells. one of which has two nuclei. Hematoxylin and eosin 


tain x 


Fic. 5. Large cells with multilobed nuclei (megakaryocytes). Hematoxylin and eosin 


stain 225 


arteries with collars of connective tissue. Masson's trichrome stain. 
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MEDIASTINAL SYMPATHOGONIOMA* 


SEATON SaILerR, M.D. 


(From the Department of Pathology, College of Medicine, University of Cincinnati, 
Cincinnati, O.) 


A concise classification of tumors of the sympathetic nervous system 
based on their embryogenesis has been proposed by Bielschowsky.* 
The most immature formative elements of this order, the sympatho- 
gonia, show no neurofibrils. They have small, round, dark-staining 
nuclei enveloped in a delicate, homogeneous, and often indiscernible 
cytoplasm. These primitive structures are multipotential and give 
rise to both sympathetic ganglion and chromaffin cells. In the latter 
case they pass through the stage of pheochromoblast and pheochromo- 
cyte formation. In their development into sympathetic ganglion cells 
the first stage of ripening is the sympathoblast, a larger cell with a 
vesicular nucleus and rather abundant elongated protoplasmic proc- 
esses. The end-state of maturation yields large multipolar forms with 
intracellular fibrils and Nissl substance—the sympathetic ganglion 
cells. Corresponding to each of these developmental steps are neo- 
plasms composed of analogous histologic types. The cells in the most 
primitive tumor, the sympathogonioma, retain the lymphocytoid char- 
acter of the parent stem cell though their arrangement may follow 
several patterns. Sympathoblastomas, derived from the ensuing sub- 
division, are made up of large, irregular, pear-shaped or oval cells 
with cytoplasmic streamers. The ganglioneuromas are characterized 
by large sympathetic ganglion cells incorporated in their fibrillar 
structure. In utilizing such a classification it must be borne in mind 
that these growths frequently are not composed purely of cells be- 
longing to a single analogous plane of maturation but that considerable 
overlapping occurs. In evaluating the histologic picture the diagnosis 
must frequently be based on the predominating cell type. 

Sympathetic tumors of all types are widely distributed throughout 
the body. In addition to their rather frequent appearance in the 
medulla of the adrenal glands, they have been reported as occurring 
in the abdominal, cervical, thoracic and pelvic sympathetics, the 
jejunum, celiac ganglion, mesentery, coccygeal gland, liver, uterus, 
cavity of the nose, skin or subcutaneum, and scapular region.” There 
appears to be adequate ground for the concept that peripherally mi- 


* Presented at the Forty-Second Annual Meeting of the American Association of 
Pathologists and Bacteriologists, St. Louis, April 3, 1942. 
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MEDIASTINAL SYMPATHOGONIOMA 


grating primitive nerve cells of the developing sympathetic nervous 
system may come to rest almost anywhere in the body and are capable 
of proliferating and forming tumors at a later date. Table I briefly 
summarizes some of the salient features of 13 well documented sym- 
pathetic tumors recorded as occurring within the thorax. 

The tumor to be described is of singular interest because of its 
peculiar location in the anterior mediastinum, and its striking histo- 
logic composition. The occurrence in a patient of advanced age and 
the biologic behavior of a growth of such a primitive type are also 
very unusual features. 


Report of Case 


M. C., a colored female, 65 years of age, was brought by ambulance to the 
accident room of the Cincinnati General Hospital on November 20, 1940, in a 
semicomatose state. According to the patient’s son, 4 days before admission she 
had complained of severe headache and dizziness, accompanied by progressive gen- 
eral weakness. Chills, fever, vomiting, or other associated symptoms had not been 
observed. The patient became drowsy and stuporous shortly before admission. It 
was learned that during the past 2 years there had been occasional attacks of short- 
ness of breath and precordial pain. A year before, she had been confined to bed 
because of congestive heart failure and at the time exhibited considerable swelling 
of her legs and abdomen. After 2 months she had recovered sufficiently to be able 
to perform housework with only moderate dyspnea and had been in fair health 
until the onset of her present illness. No other relevant facts were obtained from 
the history. Physical examination on admission showed a semicomatose, elderly 
Negress, who responded incoherently and indifferently to questioning. Temperature, 
101.5° F.; pulse, 114; respiration, 34; blood pressure, 185/108. Her neck was rigid 
in all directions. Kernig’s and Babinski’s signs were positive. Deep reflexes were 
hypoactive in the upper extremities. Knee jerks were absent in both lower ex- 
tremities. Consolidation was present at the base of the left lung, posteriorly. A 
spinal puncture was performed and a small amount of milky fluid under increased 
pressure was removed. The white blood cell count of the spinal fluid was 17,600 
with 98 per cent polymorphonuclear neutrophils. Haemophilus influenzae was found 
on smear and culture. Blood culture was also positive for H. influenzae. The blood 
Kahn was negative. Sulfapyridine therapy was instituted but proved to be ineffec- 
tual and the patient succumbed 2 days after admission. 


Autopsy Findings. An abstract of the positive findings at autopsy, 
performed 18 hours after death, follows: 

The patient was a moderately obese, colored female appearing the 
stated age of 65 years. Herpetic lesions were present on both lips. 
The upper jaw was edentulous and the remaining lower teeth carious. 
There was bilateral arcus senilis. A few fibrous adhesions bound the 
apex of the right lung and the diaphragmatic surfaces of both lower 
lobes to the parietal pleurae. The medial half of the right transverse 
pulmonary fissure was incompletely developed and the oblique fissure 
posteriorly on the same side was absent. Emphysematous bullae were 
present over the anterior margin of the right middle lobe. The left 
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lower lobe was increased in consistency and had a dark red, moist, 
slightly granular appearance on section. The remaining lobes were 
dry, inelastic and hypercrepitant except in the dependent portion 
where they were moist and poorly aérated. Projecting into the an- 
terior superior mediastinum, overlying the superior vena cava and 
attached laterally by adhesions to the first portion of the aorta, was 
a round, firm mass, 5 cm. in diameter. This was covered by the peri- 
cardial sac whose upper portion was bound rather firmly to the anterior 
and lateral surfaces of the tumor by old fibrous adhesions. Easily 
broken, fine, white fibrous bands fastened the adherent pericardium 
to the mediastinal surface of the right lung. On stripping away the 
pericardium, the tumor was found to be well encapsulated and rather 
loosely attached by fibrous adhesions to the anterior surface of the 
superior vena cava and the upper portion of the markedly dilated 
right atrium, lying above and some distance anteriorly to the right 
pulmonary artery and eparterial bronchus (Fig. 1). No nerve fibers 
or ganglia were seen entering its capsule. The cut surface of the 
tumor was uniformly reddish brown; its consistency soft. Elsewhere 
both layers of the pericardial sac were lightly bound together by deli- 
cate fibrous strands. Both cardiac ventricles were slightly dilated. 
The musculature was uniformly pale reddish brown and soft, left 
ventricular wall thickened and the endocardial surfaces of all the 
chambers were smooth and glistening. Raised yellow intimal plaques 
were present throughout the aorta. In the region of the arch these 
were partially calcified. The abdominal organs were in normal 
anatomic relation to one another. Eight small black calculi were 
present in the fundus of the gallbladder. The gallbladder wall was 
thin and pliable. The adrenal glands were intact. A circumscribed, 
firm, myomatous tumor within the wall of the uterine fundus measured 
3 cm. in diameter. Several soft red polyps were present in the uterine 
cavity. A round, multilocular serous cyst, 8 cm. in diameter, occupied 
the left ovary. 

The brain weighed 1275 gm. A thick, greenish, fibrinopurulent 
exudate distended the subarachnoid space over the convex surfaces 
of both cerebral and cerebellar hemispheres and collected at the base 
of the brain in the region of the optic chiasm. A similar exudate in- 
volved the leptomeninges of the spinal cord. 

Microscopic Findings. Numerous sections taken throughout the 
mediastinal tumor showed a strikingly uniform cell type and com- 
position. The dense, enveloping, fibrous connective tissue capsule con- 
tained focal deposits of calcium salts. One section cut near the 
posterior surface showed a few nests of tumor cells penetrating the 
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capsule and infiltrating an adherent tag of adipose tissue. No other 
areas of capsule invasion were found. Stained with hematoxylin and 
eosin, the tumor cells in practically all sections appeared to consist 
entirely of nuclei. These were predominantly round or oval, rich in 
chromatin and ranged in size from one to two times the diameter of 
a red blood cell. Stained with Masson’s trichrome stain, however, a 
delicate enveloping rim of vermilion-red cytoplasm could be demon- 
strated about most of the prominent purple-black nuclei. No cyto- 
plasmic granules were seen in Zenker’s fluid-fixed material. In some 
instances the cytoplasm assumed a bipolar arrangement, streaking out 
at each end of the nucleus in a wedge-shaped pattern for a distance 
equal to or surpassing the greatest diameter of the nucleus (Fig. 2). 
Others showed the base of the cytoplasmic wedge resting on only one 
pole of the nucleus, thence abruptly narrowing to an elongated fine 
thread which was attached to an adjacent cell border or a blood 
vessel. While the tumor possessed a rather rich capillary network, 
only rarely were such threadlike processes found approaching the 
vessel wall at right angles, the cells usually appearing parallel to the 
vessel axis (Fig. 3). The modification by Foot and Foot of Biel- 
schowsky’s silver stain showed the cell nuclei to be intensely argento- 
philic, but only very rarely and by repeated sectioning could a 
reticulum fiber be located. Intracellular or extracellular neurofibrils 
could not be demonstrated with Bodian’s protargol stain. The majority 
of the cells were of the small, round, lymphocytoid type (Fig. 4), and 
there were but few attempts at rosette formation; where present, these 
lacked the circular arrangement of the cells about a central limiting 
membrane considered by Bailey and Cushing * typical of true rosettes 
(Figs. 5 and 6). An occasional field showed whorl-like masses con- 
structed of closely packed, short, oval cells (Fig. 7). Under higher 
magnification some of these nuclei were slightly indented on their 
lateral surfaces or diminished in thickness toward one pole exhibiting 
a carrot shape suggesting the formation of lemmoblasts. Further sup- 
port for assuming a deviation in this direction of growth was brought 
out in a rare zone in which there was an interlacing bundlelike arrange- 
ment of elongated spindle cells such as is frequently encountered in 
neurilemomas of peripheral nerves (Figs. 8 and 9). In sections 
Stained with hematoxylin and van Gieson’s mixture there were only a 
few isolated zones in which collagenous supporting fibers were found. 

In addition to this neoplasm in the anterior mediastinum, examina- 
tion of the remaining organs showed a chromophobe adenoma, measur- 
ing 7 by 6 mm. in the anterior lobe of the pituitary gland; a small 
mucosal adenomatous polyp of the fundus of the stomach; multiple 
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intramural leiomyomata of the fundus uteri; several adenomatous 
endometrial polypi, and a multilocular serous cyst of the right ovary. 

Pathologic Diagnoses. The final pathologic diagnoses were: acute 
influenzal cerebrospinal meningitis; bronchopneumonia, lower lobe 
of the left lung; sympathogonioma of anterior mediastinum originating 
beneath the pericardium, probably from within the sympathetic rami 
of the deep cardiac plexus; chronic obliterative pericarditis; slight 
myocardial hypertrophy and dilatation; focal myocardial scarring; 
chronic pulmonary emphysema; pleural adhesions; chromophobe 
adenoma of the anterior lobe of the pituitary gland; adenomatous 
polyp of the gastric mucosa; multiple intramural leiomyomata of the 
uterus; endometrial polypi; multilocular serous cyst of the right ovary; 
cholelithiasis; chronic cholecystitis; aortic atherosclerosis with focal 
calcification; moderate generalized arteriosclerosis. 


DIscUSSION 
Among the intrathoracic sympathetic tumors listed in Table I, two 
examples are of the chromaffin cell type, the remaining falling under 
the heading of sympathetic tumors in the strict sense of the word. 
In almost all of the latter the primary site was behind the parietal 
pleura with growth anteriorly into the thoracic viscera. In many, direct 
continuity with the sympathetic chain was anatomically demonstrable. 
None of these tumors exhibited either a location or histologic structure 
comparable to that in the case presented. In this tumor, the uniform 
cell plan observed throughout the numerous sections leaves little doubt 
of its proper classification according to Bielschowsky’s' outline. 
Absence of maturation into larger sympathoblastic cells further indi- 
cates its embryonal character, although the presence of occasional 
scattered small cells with unipolar and bipolar cytoplasmic processes 
may represent an intermediate step in this direction. A few areas 
which contain carrot-shaped forms suggest the production of lemmo- 
blasts, and the occasional interlacing bundles of elongated spindle 
cells are in keeping with a later development along this line. Earlier 
investigations on the embryologic development of the sympathetic 
system in mammals corroborate such a formation of Schwann cells 
from the immature anlagen of sympathetic ganglia.’* The location of 
the tumor beneath the pericardium over the right atrium indicates 
a probable derivation from embryonal sympathetic elements contained 
in the deep cardiac plexus. 
The complete encapsulation of the tumor with only one microscopic 
field displaying penetration of tumor cells into the surrounding tissue, 
together with the absence of distant metastases, seems to belie the 
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rapid growth which such immature cell types would indicate. Similar 
growths appearing elsewhere in the body are usually characterized by 
early and widespread metastases. Why such a protracted growth rate 
is present in this case is not clear, and certainly the anatomic location 
of the tumor could not influence its capacity to grow. The appearance 
of such a tumor in a patient in the sixth decade of life is also unusual, 
though poorly differentiated sympathetic neoplasms in other locations 
have been described as occurring in late adult life.“° '* One can readily 
understand how more widely disseminated neoplasms of the me- 
diastinum and lungs, designated as lymphosarcomas, thymomas or 
small-cell carcinomas, might be confused with embryonal tumors of 
the sympathetic nervous system in this location, once growth and 
dissemination had become active. 
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DESCRIPTION OF PLATES 


PLATE 12 
Fic. 1. Relation of tumor to opened right atrium and associated structures. 


Fic. 2. Bipolar arrangement of cytoplasm about oval nucleus. Masson’s trichrome 
stain. X 1125. 
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PLATE 13 


Filamentous cytoplasmic streamer attached to capillary wall. Masson’s 
trichrome stain. X 2250. 


3. Compact are: f uniformly round cells. Hematoxylin and eosin stain. 
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PLATE 14 


Areas showing pseudorosette formation. 
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PLATE 15 


7. Rounded masses of short, oval and carrot-shaped cells. Hematoxylin and 


/ 


Fic. 
eosin stain. X 160. 


Fic. 8. Interlacing bundles of elongated spindle cells. Hematoxylin and eosin stain. 
160. 
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PLATE 16 


Fic. 9. Interlacing bundles of elongated spindle cells. Hematoxylin and eosin stain 
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MEDIAL HYPERTROPHY OF THE RENAL ARTERIOLES 
IN PREGNANCY * 
IrnvinG GraEF, M.D. 


(From the Departments of Pathology, Bellevue Hospital and New York University 
College of Medicine, New York, N. Y.) 


In the recent European literature much attention has been given 
to the special mode of termination of renal afferent arterioles in man 
and many other mammals. Smith * in his Harvey Lecture has reviewed 
the historical development of our knowledge of this subject and the 
reader may get fuller details there. For purposes of this report, it 
may suffice to summarize this literature as follows: A number of 
observers (Clara,? Becher,® Goormaghtigh,*® Benninghoff‘) have 
stressed the occurrence of nonfibrillar, “clear”? smooth muscle cells 
in the media of normal vessels, and some *® * ° have described granu- 
lar chromophilic cells in the termination of the afferent arterioles in 
some species. Some regard them as related modifications, and both 
types as modified smooth muscle cells. Zimmermann ™ described, as 
well, the peculiar expansion of the terminal portion of the afferent 
arteriole due to an increase in medial cells, which he designated as 
the “Polkissen” (polar pad). This may be eccentric or concentric. 
Goormaghtigh has designated these groups of cells as the ‘“‘juxta- 
glomerular apparatus.” He*'’ has recently claimed that in renal 
disease in man and in experimental renal hypertension in dogs and 
rabbits the clear cells and granular cells multiply and undergo hyper- 
trophy. To them he has assigned an endocrine role in the formation 
of the pressor substances probably responsible for renal hypertension. 
Dunihue and Candon ™ have confirmed these claims in rabbits. 

A nephrectomy performed for the relief of intermittent hematuria 
of at least 3 years’ duration in a colored female, 29 years old, revealed 
unusual vascular lesions of the kidney. Because of the remarkable 
transformation of the media of the afferent arterioles and the enlarge- 
ment of the “Polkissen” encountered in the kidney in the absence of 
hypertension and during pregnancy, this case seems worthy of pub- 
lication. The subsequent development of eclampsia and mild hyper- 
tension lend special interest to the vascular changes to be described. 

Report of Case 

E. M., a colored female, 29 years of age, was first admitted to the Urological 

Service of Bellevue Hospital in April, 1938. At that time she complained of pain- 


less hematuria of 1 year’s duration. There had been a slight loss of weight (8 lbs.) 
There were no other complaints. She reported that she had been treated at another 


* Received for publication, April 13, 1942 
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hospital for the same complaint 3 months before entering Bellevue Hospital. At 
unstated periods she had previously received injections for syphilis, and in 1932 she 
had had a spontaneous miscarriage. 

Physical examination revealed no signs of organic disease. The patient did not 
appear to be ill. Some observers thought there was an indefinite mass in the left 
upper quadrant, possibly the spleen or kidney. The blood pressure on this admis- 
sion was 116/68 mm. Hg. There was moderate anemia with 45 per cent hemoglobin, 
3-4 million erythrocytes per cmm., 4,000 leukocytes per cmm., with 81 per cent 
polymorphonuclear leukocytes. Blood nonprotein nitrogen was 34 mg. per 100 cc. 
Cystoscopy revealed a normal bladder, but blood could be seen trickling from the 
left ureteral orifice. Intravenous pyelography revealed no abnormalities; there was 
no record of urine culture. A left-sided abscess found in Bartholin’s gland was in- 
cised. Culture of the pus yielded a staphylococcus, Gram-positive bacilli and 
diphtheroids. 

With these findings, some urologists believed that hematuria might have been 
the result of infection and inflammatory changes, and the patient was given urinary 
antiseptic drugs. Following the administration of iron by mouth, the erythrocytes 
rose to 5 million per cmm. and the hemoglobin to 70 per cent. 

However, the hematuria continued. The patient was readmitted in August and 
again in October, 1938, and the same findings were reported. Cystoscopic and 
pyelographic investigations were repeated with the same results. Intravenous in- 
jection of methylene blue showed that the dye appeared in the left ureter a little 
earlier (5 minutes) than on the right side (8 minutes). No other renal function 
tests were done. Blood nonprotein nitrogen was within normal limits. 

The fifth and sixth admissions occurred in November and December, 1939, and 
at this time the patient was pregnant. In the latter admission she was estimated 
to be in the third month of gestation. Urinary findings persisted as before. Cysto- 
scopy was repeated and a tissue specimen of each ureteral orifice was taken and 
reported to show chronic inflammation. There was moderately severe anemia, and 
the patient was given two blood transfusions. Erythrocytes rose from 2.0 to 3.9 
million per cmm. and the hemoglobin from 30 to 60 per cent 

Members of the Obstetrical Service believed that the pregnancy should not be 
interrupted. The urologists now considered nephrectomy advisable, for a neoplasm 


was believed to be the most probable cause of the hematuria. Consequently, on 
February 23, 1940, a left nephrectomy was performed and the patient made an 
uneventful recovery. Pregnancy was not disturbed. There was no further hema- 
iuria. The blood pressure before and for a week after operation ranged from 110 to 


4 systolic and from 68 to 70 diastolic. The kidney will be described later in this 
report 


Postoperative and Antepartum Course. Special renal function tests were per- 


formed weeks after operation and at intervals thereafter. They are referred to 
below. ‘The blood pressure remained normal until May 13, 1940, when in the ninth 
month of gestation it rose to 140/g6. The urine showed a trace of albumin which 
persisted for the next 2 weeks. At the patient’s last visit to the Prenatal Clinic 
on May 24th the blood pressure was 130/78 and the urine was normal 

Qn th ight of May », 1940, in the ninth month of gestation, she had two 
convulsive seizure it home and was taken to Harlem Ho pital if a Semusluporous 
condition. On phy | examination slight edema of the ankles was noted and the 
blood pressure was found to be 140/go mm. Hg. One hour after admission a spinal 
ify Was Gone Clear fluid, 35 cc. in amount, was removed under increased tension 
There was anothe: onvulsion and the patient Went mlo a deep coma Chemical 
study of the blood showed creatinine, 1.4 mg. per cent; urea nitrogen, 14 mg. per 
cent; Suga 20 mg. per cent, and uric acid, 10.5 mg. per cent. Urine obtained by 
catnetel albumib j plu ind micro Copic exaininalion howed many 


granular and hyaline cast 
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175/105 mm. Hg, the temperature was 104° F. and 
numbered 26 per minute. 


to void large amounts of urine frequently. 


centrated and dilute specimens. The Kahn test was 


and 10 mg. per cent respectively, and uric acid, 6 mg 
After discharge on the 13th day postpartum, the 
cine. Arranged as Table I are significant laboratory 
visits to the clinic. 
I 


Date Blood pressure Urine 

6/20/40 134/90 to 160/100 

7/2/40 124/82 Sp. gr., 1.010; protein, trace; red bloox 
100 to 150 

8/13/40 114/80 

i 9/24/40 112/74 Sp. gr., 1.010; protein, faint trace; no red 

cells 

10/15/40 126/80 Sp. gr., 1.020; no protein; no red blood ¢ 

Nov., 1940 122/82 

Dec., 1940 130/90 

Jan., 1941 120/80 

Feb., 1941 130/82 

Mar., 1941 114/78 

May, 194! 116/80 No proteinuria or hematuria 

June, 1941 130/86 Normal 

Oct., 194! 126/90 Normal 

Apr., 1942 120/80 Normal 


There were no specific complaints on any visit 
Renal function was investigated * by methods ap; 


19 Inulin clearance was used as a Medsure ol 


Chasis 
tion, diodrast clearance as a measure of the effective 

Tm (tubular mass) to indicate the available funct 
months’ gestation, which was 16 days after nephrectot 


effective renal blood flow were 75 per cent of normal 


Labor. Coma persisted and spontaneous labor began 
The first stage lasted 14 hours, the second stage 25 minutes 
taneously delivered a stillborn male child. During labor 


1 
the puise was 
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© 

is 


and the 
blood 


r 


A urinary concentration test was done on the twelfth day postpartum. 


gravity ranged from 1.001 to 1.018. There was abundant volume in both t 


lad 


done on the spinal fi 


Puerperium. The patient came out of coma 16 hours after delivery and began 


140/90 mm. Hg 6th day..........140/108 mm. Hg 
150/100 mm. Hg day..........152/110 mm. Hg 
reer 130/106 mm. Hg 8th day..........128/84 mm. Hg 
132/108 mm. Hg 110/84 mm. Hg 
144/114 mm. Hg roth day..........116/84 mm. Hg 


Specific 
he con- 


uid and 


was reported to be positive. Blood chemical determinations on the seventh and 
twelfth days postpartum showed creatinine, 1.3 mg. I 


per cent; urea nitrogen 


per cent 


patient was referred 


hye 


Nephritis and Hypertension Clinic at the New York University College of Medi- 


findings obtained during her 


Postpartum Observations in Nephritis and Hypertension Clinic at the New Yo 
University College of Medicine 


vied by Smith, Goldrir 


ihe rate of glomerular 


renal blood tlow and 


loning tubular Ussue 
ny, the filtration rate 


Whereas the diodrast 


liodras 

At 5 
ind the 
tin W 


50 per cent normal. (This was computed by comparison with average values 


* These tests were done, and will be reported in det 
Irwin Wellen and Catherine Welsh, of thi Department of ( 
York University College of Medicine 


ill, by Drs. He. ¢ Lavlor 


hecoloy 
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normal pregnant women.) These tests were repeated at 1, 5 and 9 months after 
delivery, the latter being 1 year after nephrectomy. The filtration rate was un- 
changed, the effective renal blood flow rose to normal level and the diodrast Tm 
increased to 80 per cent of the normal value. They represent, of course, the renal 
function of the remaining right kidney. 


Pathologic Findings 


The left kidney, operatively removed, appeared to be normal in 
size. The capsule stripped readily, leaving a somewhat pale, grayish 
pink surface. The organ was bisected in the longitudinal plane di- 
rected toward the pelvis. The cut surface revealed normal markings. 
The cortex was uniform in width and appearance. The pelvis was 
blood-stained and there were a few fresh clots adherent to the lining. 
On washing, tiny hemorrhages were visible in the pelvic lining and 
in the portion of the ureter attached to the pelvis. 

Histologic Study. Blocks were fixed immediately in Helly’s fluid, 
IO per cent neutral formalin and Kopsch’s fluid for mitochondria. 
Frozen sections were stained with Sudan IV for fat. Blocks were 
taken from all portions of the kidney and sections were cut in short 
strips composed of 16 to 20 serial sections, 5 yw in thickness. Alter- 
nating slides were stained by Masson’s trichrome method (as modified 
by Goldner), and with azan-carmine. Some sections were stained by 
Mallory’s method using phosphotungstic acid hematoxylin; others 
with van Gieson’s picrofuchsin stain combined with Weigert’s elastic 
tissue stain. Additional sections were stained for reticulum by the 
method of Foot and some were stained with Giemsa’s stain. Tissue 
fixed for mitochondria was stained by the Altmann-Kull method."® 

Sections from all parts of the kidney revealed’ uniform structure. 
The architecture was well preserved, but even at low magnification 
a striking alteration was visible in all the arterioles and a similar 
change could be traced backward in the medium-sized interlobular 
arteries. Except for the presence of a few red blood cells in some 
tubular lumina, no changes were found in the glomeruli or the tubules. 

The vascular change consisted of hyperplasia and hypertrophy 
(Fig. 1) of the medial cells which thickened the walls of all the 
arterioles at the expense of the caliber of the lumina. In the terminal 
portions of the afferent arterioles this hyperplasia and hypertrophy 
produced small tumorlike swellings at their entrance into the glomeruli 
(Fig. 2). These correspond to the ‘“Polkissen” which represent the 
normally thickened and expanded portion of the termination of the 
afferent arteriole as it enters the glomerulus. The hypertrophy of 
the terminal portions of the afferent arteriole in places indented the 
glomerulus. In other places it indented the neighboring tubules. The 
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lining endothelium appeared normal and there was no evidence of 
unusual distal extension or reduplication of the elastica in these 
arterioles. 

Sections stained with hematoxylin and eosin gave only a slight 
suggestion of the degree of this change or of the swelling of the indi- 
vidual cells, but preparations stained by Masson’s trichrome method 
or by azan-carmine revealed the details perfectly. They showed that 
none of the medial cells was fibrillar. With the azan-carmine stain 
they seemed quite clear, almost without cytoplasm, but under high 
magnification with slightly reduced illumination, a cytoplasmic ground 
substance could be seen. 

In the intralobular arteries the media was similarly hypertrophied 
(Fig. 3), but there was also intimal and subintimal proliferation of 
tissue that was composed of young fibroblasts, smooth muscle cells 
and dense collagen. This proliferation served to narrow the lumen. 
There was no reduplication of the elastic membranes in these vessels. 
One interlobular artery contained a hyaline, sclerotic, intimal plaque 
which eccentrically narrowed the lumen. A small plaque was present 
in one interlobar branch, but most of the lobar branches of the renal 
arteries showed no sclerotic changes or intimal thickening. 

Search for chromophilic granules like those that may be found in 
the terminal portion of the afferent arterioles of other mammalian kid- 
neys was negative. Study of the efferent arteriole where it could be 
detected showed that similar swollen medial cells were present. These 
were seen to extend for only 15 to 20 yw along the efferent arterioles. 

Sections of the pelvis and calyces revealed no inflammatory changes. 
In one section there was a small fresh hemorrhage without reaction 
just beneath the lining epithelium. In one place the epithelium had 
been freshly eroded. A similar process was seen in a ureteral section. 
In addition, where the lining cells were intact, marked swelling of the 
superficial cells was observed. The cytoplasm appeared vacuolated due 
to the presence of faintly basophilic mucoid material. However, this 
material did not give a positive stain for mucin. 

Pathologic Diagnosis. Diffuse medial hyperplasia and hypertrophy 
of the afferent arterioles; focal fibromuscular intimal sclerosis with 
narrowing of interlobular renal arteries; multiple hemorrhagic erosions 
of the pelvis and ureter; hematuria. 


DISCUSSION 


The changes detected in the kidney are unique in our experience 
and their counterpart has not been found thus far in a search of the 


literature. Jores,’’ in reviewing vascular disease, recognized the 
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occurrence of hypertrophy and hyperplasia of the media of small 
arteries. Recently, Castleman, Smithwick and Palmer ** have studied 
biopsy material obtained from the kidneys of patients with very early 
stages of “essential hypertension.” These observers report medial 
hypertrophy and other changes in 16 cases so studied. The possibility 
exists, therefore, that the lesion described here may be related to 
changes encountered in hypertension. 

In unpublished studies of renal arterioles in experimental and human 
hypertension, nothing equal to it has been found in normal or ischemic 
kidneys of man or of several mammals, with or without hypertension. 
Other surgically-removed human kidneys, from males and nonpregnant 
females, similarly fixed, have not yielded such pictures of medial hyper- 
trophy. This would exclude the mode of removal or time and manner 
of fixation as having any influence. Other kidneys obtained from pa- 
tients dying in pregnancy or a few days postpartum have been equally 
free from such changes, but in none was fixation as prompt. 

Since the patient did not have hypertension before nephrectomy or 
for some time after it, the morphologic changes found in the afferent 
arterioles can hardly be related to the patient’s blood pressure. How- 
ever, considering their universality, it seems likely that the same 
changes were present in the surviving contralateral kidney. If so, the 
removal of one kidney may have contributed to a lowering of the total 
blood flow due to narrowing of the vascular bed and to a reduction of 
normally functioning kidney tissue and of antipressor substances pos- 
sibly produced by parts of one or both kidneys. Estimations of the 
renal blood flow in the surviving kidney were below normal for at 
least 9 months after contralateral nephrectomy. Such an imbalance 
might have precipitated hypertension of the renal type. Against this 
interpretation is the long interval (3 months) that elapsed before the 
onset of hypertension. Furthermore, it was mild and lasted only 6 
to 8 weeks altogether. 

Even if both the hypertension and the eclampsia are not renal in 
origin, the vascular changes in the kidney are inescapable. Both their 
etiology and role are equally obscure.* The intimal sclerosis found 
in some of the larger intrarenal arteries must be regarded as coin- 
cidental, for areas supplied by nonsclerotic arteries have equal ar- 
teriolar changes. 


* Sections from this kidney were sent to Dr. Goormaghtigh, who wrote, on learning 
that eclampsia and mild hypertension had appeared in this patient: “It confirms me in 
the belief that in most cases hypertrophy of the juxtaglomerular apparatus precedes 
hypertension or is present in the early stages of the latter; e.g., scarlet fever with 
glomerulonephritis, and eclamptic toxemia.” 
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The clear appearance of the medial cells and the total absence of 
acidophilic fibrils suggested the possibility that these muscle cells 
were fixed in a state of relaxation or diminished tonus compared with 
fibrillar contracted muscle. That such relaxation may be due to a specific 
mechanism preventing tonic contractions is worthy of consideration. 
In this connection it may be recalled that Meigs *® has shown that 
when Zenker’s fluid (a form of which was employed in this case) is 
applied to unstriped muscle it does not cause contraction and fixes 
the cells at their original length. 

Can pregnancy be accountable for the vascular picture? Hormonal 
influences come to mind and the only suggestion we can offer is indirect. 
Since in pregnancy the smooth muscle of the uterus, its vessels and 
often the lower urinary tract *° exhibit alterations characterized by 
hyperplasia and hypertrophy, is it possible that in the kidney reported 
here we have encountered a similar effect in the renal arteries and 
arterioles? The description of the changes in the myometrium 
taken from Keiffer** by Reynolds * is worth comparing with my 
findings: 

“The nature of the process by which hypertrophy of uterine muscle takes place 
during pregnancy is not generally known, although it has been most carefully studied 
in the guinea pig and in the human. In both species, the cells appear to imbibe 
water at the time the uterus begins to undergo distention with the products of 
conception. At the same time innumerable centripetal myofibrils envelop the sarco- 
plasm superficially. As progressive hydration continues the cytoplasm becomes 
more and more transparent while the superficial portion remains chromophilic.” 

The relatively clear, swollen appearance of the medial cells in my 
case suggests that they are possibly “hydrated,” as well as relaxed. 

Detailed histologic observations of vascular alterations during 
pregnancy have been scanty. One report, also by Keiffer,“* may be 
relevant to the problems raised by my case. In a paper entitled “De 
lexistence d’une glande myométriale dans l’uterus humain” he has 
recorded histologic findings in the myometrium which include detailed 
studies of the uterine vessels. Noting the need for prompt fixation 
by quickly acting fixatives, he studied uteri obtained by cesarean sec- 
tion at term or almost at term, as well as uteri obtained in earlier 
stages of pregnancy. With photomicrographs he illustrated changes 
which he believed began in the intermuscular tissue and affected the 
vascular walls as well. Some of the latter bear a striking resemblance 
to the changes reported in this paper. The affected cells are mononu- 
clear and increased in size, have finely granular cytoplasm and undergo 
amitotic division. In the vascular walls Keiffer observed that the 
smooth muscle cells also increase in size, lose their oblong shape and 
are finally indistinguishable from the enlarged cells of connective 
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tissue origin. I have confirmed this appearance in Zenker-fixed fresh 
uteri (Fig. 4) furnished through the courtesy of Dr. William Studdi- 
ford. Like Gérard,** who found similar changes in the myometrium 
of the mouse and rat, Keiffer found much glycogen* in the swollen 
cells. 

Changes like these in the rabbit had first led Ancel and Boin,”' 
(1911) to propose the existence of a myometrial gland in the rabbit. 
Subsequently, Keiffer ** ** had confirmed their findings in the guinea 
pig and human species. But he was not certain that there was sufficient 
evidence to establish the existence of a myometrial “gland,” and pre- 
ferred the term “myometrial placenta” for the changes until evidence 
of secretory activity is established. 

In a later review of changes occurring in the walls of the uterine 
arteries after parturition in the guinea pig, Prenant *® cited several 
reports of the occurrence, during pregnancy in man and in other spe- 
cies, of giant mononuclear cells in the media of these vessels. They 
have been ascribed to invading decidual cells,”® to transformed medial 
muscle cells,”* or to intimal cells.** Further investigation of the uterine 
arteries and veins and similar vessels in other organs during pregnancy 
seems indicated. I have examined the kidneys of five patients dying 
at term. No similar vascular changes were encountered, but in no 
case was fixation accomplished in less than 1 hour after death and 
there may have been postmortem alteration. The lack of material 
from cases of fatal eclampsia has precluded search for comparable 
changes in that group. 

If the suggestion offered is valid, and the vascular change found 
in one kidney was reversible, an hypothesis based on the influence of 
pregnancy may be offered to account for (1) the occurrence of such 
obvious medial hypertrophy in this patient; (2) a progressive effect 
on the surviving kidney with (3) consequent development of altered 
function, resulting (4) in hypertension and possible eclampsia, and 
followed (5) by the involution of such changes and recession of the 
hypertension with the termination of pregnancy. 

The unilateral hematuria of 3 years’ duration is still unexplained. 
There was no calculus formation, neoplasm, or chronic inflammation. 
The erosions in the pelvis and ureter were fresh. If similar erosions 
were forming and healing during the 3 years prior to nephrectomy, 


* Unfortunately, the kidney reported here was not fixed in absolute alcohol, which 
would have been ideal for demonstrating that glycogen might account for the clear ap- 
pearance. 

+ Gérard 24 expressed the view that the so-called myometrial gland in the rat and 
mouse was not the same as that described in the rabbit by Ancel and Boin. Keiffer gives 
no explanation for equating these structures. 
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they might account for the hematuria but we have no proof of their 
occurrence. Very little blood was found in the tubules. If related to 
the vascular lesions, more erythrocytes might be anticipated in Bow- 
man’s spaces or in the tubules than were found. 

The peculiar appearance of the lining cells of the pelvis is also 
unexplained. Modern textbooks of histology make no reference to 
this picture in human kidneys or ureters. However, in the older litera- 
ture there are observations of cellular changes like these (see Peter- 
sen ** for a discussion of its occurrence). However, no correlation 
with sex, age, or physiologic activity was established. The relationship 
to pregnancy is being explored separately. 

It is to be emphasized that the patient’s blood pressure was normal 
in the presence of these alterations. If the medial hypertrophy com- 
monly observed in hypertension is comparable, then this case supports 
the conclusion that such hypertrophy may precede hypertension rather 
than be a consequence of it. 

Finally it may be noted that the changes in the arterioles reported 
here extend uniformly along the vascular channels. The so-called 
“Polkissen” participate equally and there is no visible difference be- 
tween the end-portions of the afferent arterioles and the proximal 
portions. This is true for deeply placed afferent arterioles as well 
as for the glomerular vessels near the capsule. The swollen appearance 
of the cells of the “‘Polkissen” suggests that they are derived from the 
same tissue and, at least under the conditions reported here, may have 
abundant cytoplasm resembling smooth muscle. 


SUMMARY AND CONCLUSIONS 


A case is reported of chronic unilateral hematuria in a colored 
female, 29 years old, who was cured by nephrectomy during the fifth 
month of pregnancy. The removed kidney revealed unusual, massive, 
medial hyperplasia and hypertrophy of the arterioles. There was 
accompanying intimal fibromuscular hyperplasia of the interlobular 
branches of the renal artery. Focal fresh hemorrhagic erosions were 
found in the pelvis and ureter. 

The medial hypertrophy could not be accounted for by any known 
or demonstrable injury. An hypothetical explanation is offered, based 
on the theory that hormonal activity during pregnancy might be re- 
sponsible for changes in the arteriolar smooth muscle comparable to 
those found in the gravid uterus. 


I am indebted to the Department of Obstetrics and Gynecology of the New York 
University College of Medicine for the use of the clinical data. 


wn 


GRAEF 


REFERENCES 


Smith, H. W. Physiology of the renal circulation. Harvey Lectures, 1930-40, 
35, 166-222. 

Clara, Max. Anatomie und Biologie des Blutkreislaufes in der Niere. Arch. f. 
Kreislaufforsch., 1938, 3, 42-94. 

Becher, Hellmut. Uber besondere Zellengruppen und das Polkissen am Vas 
afferens in der Niere des Menschen. Ztschr. f. wissensch. Mikr., 1936, 53, 
205-214. 

Goormaghtigh, N. Les segments neuro-myo-artériels juxta-glomérulaires du 
rein. Arch. de biol., Paris, 1932, 43, 575-591. 

Goormaghtigh, N. The heterogeneous structure of the arteriolar media. J. 
Physiol., 1937, 90, 63P-65P. 

Goormaghtigh, N. Le cycle glandulaire de la cellule endocrine de |’artériole 
rénale du lapin. Arch. de biol., Paris, 1940, 51, 293-311. 

Benninghoff, A. Blutgefasse und Herz. In: von Modllendorf, Wilhelm. Hand- 
buch der mikroskopischen Anatomie des Menschen. J. Springer, Berlin, 1930, 
6, pt. 1, 1-232. 

Ruyter, J. H. C. Uber einen merkwiirdigen Abschnitt der Vasa afferentia in 
der Mauseniere. Ztschr. f. Zellforsch. u. mikr. Anat., 1925, 2, 242-248. 

Oberling, C. L’existence d’une housse neuro-musculaire au niveau des artéres 
glomérulaires de "homme. Compt. rend. Acad. d. sc., 1927, 184, 1200-1202. 

Zimmermann, K. W. Uber den Bau des Glomerulus der Saugerniere, Weitere 
Mitteilungen. Ztschr. f. mikr.-anat. Forsch., 1933, 32, 176-278. 

Goormaghtigh, N. Existence of an endocrine gland in the media of the renal 
arterioles. Proc. Soc. Exper. Biol. & Med., 1939, 42, 688-689. 

Goormaghtigh, N., and Grimson, K. S. Vascular changes in renal ischemia: cell 
mitosis in the media of arteries. Proc. Soc. Exper. Biol. & Med., 1939, 42, 
227-228. 

Goormaghtigh, N. Documents sur la cytologie et pathologie artériolaires; les 
cellules afibrillaires artériolaires dans |’ischémie rénale chez la chien. Rev. 
belge sc. méd., 1940, 12, 85-107. 

Dunihue, F. M., and Candon, B. H. Histologic changes in the renal arterioles 
of hypertensive rabbits. Arch. Path., 1940, 29, 777-784. 

Smith, H. W.; Goldring, William, and Chasis, Herbert. The measurement of the 
tubular excretory mass, effective blood flow and filtration rate in the normal 
human kidney. J. Clin. Investigation, 1938, 17, 263-278. 

Mallory, F. B. Pathological Technique. W. B. Saunders Co., Philadelphia and 
London, 1938, p. 111. 

Jores, Leonhard. Arterien. In: Henke, F., and Lubarsch, O. Handbuch der 
speziellen pathologischen Anatomie und Histologie. J. Springer, Berlin, 1924, 
2, 701. 

Castleman, Benjamin; Smithwick, R. H., and Palmer, R. S. Renal biopsies 
from hypertensive patients. (Abstract.) Am. J. Path., 1941, 17, 617-618. 
Meigs, E. B. Striated and Smooth Muscle. In: Cowdry, E. B. Special Cytol- 

ogy. Paul B. Hoeber, Inc., New York, 1932, 2, 1113. 

Hofbauer, J. Contributions to the etiology of pyelitis in pregnancy. Bull. Johns 
Hopkins Hosp., 1928, 42, 118-155. 

Keiffer, H. Des phénoménes de maturation des fibres lisses utérines, au cours 

de la grossesse. Bull. Acad. roy. de méd. de Belgique, 1928, 8, 505-509. 


130 
4. 
6. 
8. 
Q. 
10. 
II. 
12. 
13. 
14. | 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


to 


oo 


MEDIAL ARTERIOLAR HYPERTROPHY IN PREGNANCY I3I 


Reynolds, S. R. Physiology of the Uterus. Paul B. Hoeber, Inc., New York, 
1939, Pp. 120. 

Keiffer, H. De l’existence d’une glande myométriale dans l’uterus humain. 
Bull. Acad. roy. de méd. de Belgique, 1925, 5, 684-707. 

. Gérard, P. Sur le glande myomeétriale de la souris et du rat. Compt. rend. Soc. 

de biol., 1925, 93, 457-459. 

. Ancel, P., and Bouin, P. Sur l’existence d’une glande myométriale endocrine 
chez la lapine gestante. Compt. rend. de l’Assoc. d. anat., 1911, pp. 97-103. 

Prenant, A. Recherches sur les transformations de la paroi de certaines artéres 
dans l’utérus du cobaye aprés parturition. Arch. d’anat., d’histol. et 
d’embryol., 1927, 7, 165-196. 

Stolper, Lucius, and Herrmann, Edmund. Die Riickbildung der Arterien im 
puerperalen Meerschweinchenuterus. Arch. f. mikr. Anat., 1904, 63, 748-765. 

Petersen, O. V. C. E. Ueber sekretorische Aenderungen im Epithel der ableiten- 
den Harnwege bei einigen Saugetieren. Anat. Anz., 1905, 27, 187-199. 


[ Illustrations follow | 


23 
24 
25 
26 
27 
i 


Fic. 


Fic. 


Fic. 


FIc. 


DESCRIPTION OF PLATE 


PLATE 17 


1. Sagittal section through the terminal portion of an afferent arteriole and 
glomerulus showing hyperplasia and hypertrophy of the media due to afibrillar 
clear cells. There is an asymmetrical expansion of the juxtaglomerular portion. 
Azan-carmine stain. X 305. 


2. Transsection through the vascular pole of a glomerulus showing the hyper- 
plastic “Polkissen” indenting the adjacent distal tubule. The latter exhibits 
palisading of the nuclei in the region of contact. This formation is designated 
as the macula densa. Hematoxylin and picro-fuchsin stain. X 320. 


3. A view of an intralobular renal artery exhibiting fibromuscular hypertrophy 
of the intima and media with narrowing of the lumen. Hematoxylin and picro- 
fuchsin stain. X 130. 


4. A view of several uterine arterioles of different size, in cross section, show- 
ing the medial hypertrophy occurring during pregnancy (uterine tissue obtained 
by hysterectomy during the 14th week of pregnancy; operation performed for 
delayed abortion in a psychotic patient of 25 years). Hematoxylin and picro- 
fuchsin stain. X 245. 
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PATHOLOGIC CHANGES PRODUCED IN RABBITS BY A TOXIC SOMATIC 
ANTIGEN DERIVED FROM EBERTHELLA TYPHOSA * 


Hersert R. Morcan, M.D.* 


(From the Department of Pathology and the Department of Bacteriology and Immunol- 
ogy, Harvard Medical School and School of Public Health, Boston, Mass.) 


The isolation of purified antigenic materials from cultures of the 
Salmonella group of organisms by Boivin, Mesrobeanu and Mes- 
robeanu * and by Raistrick and Topley,” and the experiments of Hen- 
derson and Morgan* with a protein-free antigen obtained from 
Eberthella typhosa have demonstrated that substances of relative 
purity and high antigenic and toxic activity may be isolated from 
organisms of the enteric group. In recent studies I have described 
the preparation of a somatic antigen from E. typhosa cultured in a 
synthetic medium * and have presented an analysis of its toxic and 
immunologic properties.** The possible réle of this material in the 
clinical manifestations of typhoid fever was discussed.” Because of 
its lethal effects on a variety of animals,’ its destructive action on 
leukocytes * ° and the inflammatory reaction that developed at the 
site of intradermal injection of a similar preparation employed in 
some earlier experiments,” it was decided to investigate the local and 
general systemic effects of this material on tissues of rabbits treated 
for varying periods of time by several routes of injection. The present 
paper describes the results of these experiments. 


MATERIALS AND METHODS 
Preparation of Antigen 


Following the technic previously described,* ° involving repeated 
precipitations with alcohol and resuspension in water of a material 
obtained from cultures of E. typhosa grown in a liquid medium con- 
taining only ingredients removable by dialysis,* an antigenic material 
containing the Vi antigen was prepared which possessed all of the 
properties of the substance studied earlier.* 


Methods of Administration 


(a) Intradermal. Rabbits were given five intracutaneous injections 
of the antigen and these areas of skin were excised at intervals for 
microscopic examination. In Table I the details of this experiment 
are summarized. 

(b) Fixation Experiments. Following the technic of Menkin,° sev- 


* Received for publication, April 13, 1942. 
+ John Ware Memorial Fellow. 
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eral rabbits received injections of the material to determine its efficacy 
in inducing inflammatory fixation. 

(c) Intravenous Injections. Two groups of rabbits were given in- 
travenous injections of various amounts of the material into the mar- 
ginal vein of the ear at intervals of several hours. The first of these 
groups received injections over a much shorter period of time than 
did the second. Experimental details are given in Table II. 

(d) Intracardiac Injections. To seven rabbits injections of antigen 
were administered into the left ventricle of the heart. This procedure 
was carried out in order to reduce, if possible, the pronounced in- 
jurious effects on the pulmonary tissue noted in the animals mentioned 
in (c), and to insure a maximum effect on the peripheral circulation. 
Table III summarizes the data. 


Treatment of Tissues 


Representative specimens of tissue were fixed in a 4 per cent solution 
of formaldehyde and in Zenker’s fixative, and embedded in paraffin. 
Sections 7 » in thickness were cut and stained with either hematoxylin 
and eosin or eosin and methylene blue. 

The findings in any animals showing evidence of coccidiosis on 
gross or microscopic examination were excluded. 


RESULTS 
Experiment 1. Local Changes Following Intradermal Injection of the 
Antigen 


The changes induced in the tissues of the skin after various in- 
tervals of time following the injection of antigen were studied. Two 
adult albino rabbits were shaved over their flanks and 1 mg. of the 
antigen was injected intradermally into each of five areas on each 
animal. Segments of skin including these areas were excised at in- 
tervals of 16 to 336 hours and from them sections were prepared as 
indicated in Table I. 

Microscopic examination of the inoculated sites removed at the 
end of 16 and 40 hours revealed a marked inflammatory reaction char- 
acterized by hyperemia, edema and infiltration with polymorphonuclear 
leukocytes and deposition of considerable amounts of fibrin. At 96 
hours many of the polymorphonuclear leukocytes showed evidence 
of necrosis whereas the hyperemia and edema had decreased. After 
168 hours the centers of the lesions had become completely necrotic 
and only a few degenerated polymorphonuclear cells could be dis- 
tinguished. At the periphery of the lesion, fibroblastic proliferation 
was evident which by 336 hours had formed a fibrous capsule. 
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Experiment 2. The Antigenic Material as an Agent in Inducing 
Inflammatory Fixation 


Employing the technic of Menkin,’ two rabbits were given 5 mg. 
and two others 1 mg. of the material. The antigen in 1 cc. of 
physiologic saline solution was injected into the skin of the left fore- 
leg; 1 cc. of physiologic saline solution was injected into the right 
foreleg as a control. After 18 hours, 1.5 cc. of 1 per cent trypan blue 
was injected into the hypodermis of each foreleg in the area previously 


I 
Results of Intradermal Injection of Antigen 
Intradermal Time after 
Rabbit no. injection injection at which Appearance of reaction 
of antigen area was excised 
81 and 82 I mg. 16 hours Edematous, erythematous areas 
2 cm. in diameter 
40 hours Edema and erythema less intense 
4 days Erythema absent and edema de- 
creased; small nodules palpable in 
the center of the area 
7 days Nodules have become more firm 
2 weeks Small, firm, whitish intracutaneous 
nodules 0.75 cm. in diameter 


treated. Each animal was sacrificed 3 hours after injection with dye 
and the lymphatics and lymph nodes draining the area were examined. 
The areas of skin into which the injections were made were excised 
and examined microscopically. At 18 hours, the areas injected with 
the antigen consisted of small (1 cm.) indurated lesions which ex- 
hibited central necrosis with surrounding zones of erythema. No 
significant changes were noted in the areas of the right legs injected 
with saline solution. On sacrificing the animal, the lymphatics of the 
right legs and the axillary lymph nodes were stained blue, indicating 
that free lymphatic drainage of the dye was present. The lymphatics 
and lymph nodes on the left side contained no dye. Thus inflammatory 
fixation depending upon lymphatic blockade had taken place. 
Microscopic examination of the areas injected with the antigen 
showed edema and hyperemia with heavy leukocytic infiltration. The 
lymphatics frequently contained fibrinous thrombi and there was a 
network of fibrin in the interstitial spaces. Small blood vessels and 
capillaries were dilated and congested. In the lymph nodes the sinu- 
soids were seen to be crowded with polymorphonuclear cells. His- 
tologic examination of tissues from the control limbs revealed no 
significant abnormalities. The material under investigation therefore 
has the capacity to induce a marked inflammatory fixation. 
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Experiment 3. Pathologic Changes Induced in the Organs of Animals 


Following Intravascular Injections of the Antigen 


These experiments may be divided into two groups, as the animals 
received somewhat different treatment. 

The rabbits of group A were given intravenous injections over 
periods extending from 24 to 48 hours. At the end of various intervals, 
if the animals had not succumbed, they were killed by the intravenous 
injection of air and tissues were taken for section. The dosage and 
time intervals are given in Table II. 

The animals in group B received intravenous and intracardiac in- 
jections over a more extended period of time. The intervals and dosage 
are summarized in Table III. 


II 
Results of Intravenous Injection of Antigen 
Total Number 
Rabbit amount Number of of days Last dose Manner and time of death 
no. of antigen | injections injected of antigen in hours after last injection 
injected 
24 and 25 0.5 mg. I l4 Killed with intravenous air 
26 and 27 0.5 mg. I 14 Killed with intravenous air 
29 0.5 mg. I 2 Killed with intravenous air 
30 and 31 0.5 mg. I 5 Died of injection 
34 mg I 10 Died of injection 
32 and 33 0.5 mg I 24 ~+Killed with intravenous air 
I 1.0 mg 2 2 0.5 mg.| 2 Died of injection 
12 II.O mg. 2 2 6.0 mg. | 114 Died of injection 
4 and 48 | 11.0 mg. 2 2 10.0 mg.| 8 Died of injection 
15 I.5 mg. 4 2 0.2 mg.| 3 __ Died of injection 
17 20.0 mg. 5 I 10.0 mg. | 1/4 Died of injection 
Tasie III 
Results of Intravenous and Intracardiac Injection of Antigen 
Total 
Rabbit amount Number of | Number Last Manner and time of death 
no. of antigen | injections| of days dose of in hours after last injection 
injected injected antigen 
18 6.3 mg. 8 5 5 mg 24 Killed with intravenous air 
a 19 15.7 mg. II 5 5 mg 1 Died of injection 
32 20 5-0 mg. 9 4 2 mg 24 Killed with intravenous air 
og 21 16.0 mg. Io 5 5 mg 9 Killed with intravenous air 
a3 22 15.0 mg. 16 8 3 mg 5% Killed with intravenous air 
a8 23 6.0 mg. II 8 2 mg. 24 Killed with intravenous air 
i 124 12.0 mg. 2 2 Io mg. 10 days Killed with intravenous 
air 
40 0.25 mg. 3 3 o.t mg.| 24 Killed with intravenous air 
41 0.18 mg. 3 I 0.05 mg. | 24 Killed with intravenous air 
o¢8 42 0.40 mg. 5 3 0.20 mg 6 Killed with intravenous air 
33 43 0.50 mg. 6 3 0.20 mg 6 Killed with intravenous air 
E> 44 5.68 mg. 9 4 2.5 mg 2 Killed with intravenous air 
Faas 45 7.80 mg. 6 4 5.0 mg 3 Died of injection 
46 |12.70 mg. 6 4 5.0 mg 2 Killed with intravenous air 
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Gross Examination 


At autopsy there were no noteworthy changes in the majority of the 
organs of the animals of group A. Small areas of hemorrhage were 
observed in the lungs of some and petechial hemorrhages were noted 
in the small intestine. The normal intestinal contents were frequently 
replaced by mucus. In group B, in addition to the above changes, 
some of the livers showed small, white areas scattered over the surface 
and in some of the animals receiving intracardiac injections there was 
a fibrinous pericarditis. 


Microscopic Examination 


Heart. Group A. In occasional animals there were scattered, small 
areas in which the muscle fibers stained with eosin more intensely 
than normal. In the more markedly altered areas, necrosis of a few 
muscle fibers and leukocytic infiltration were noted. 

Group B. Most of the specimens from animals in this group had 
changes similar to those described in group A. However, in a number 
of the animals that received large intracardiac injections there were 
larger areas showing degeneration of muscle fibers. Such cells had 
lost their striations and coagulative necrosis of the cytoplasm was 
evident. In two animals, nos. 23 (Fig. 1) and 124, living for longer 
intervals, the degenerative changes were accompanied by a prolifera- 
tion of fibroblasts and beginning cicatrization. The sections from 
one rabbit showed an acute fibrinous pericarditis with underlying 
necrosis and inflammation of the muscle tissue. This lesion was un- 
doubtedly the result of the escape of antigen into the pericardium at 
the time of injection. 

Lung. Group A. The alveolar capillaries and blood vessels were 
engorged and contained a greatly increased number of polymorphonu- 
clear leukocytes. In some specimens hemorrhage into the alveoli and 
patchy atelectasis were observed; other alveoli were filled with a serous 
precipitate. These changes were most marked in the animals given the 
larger dosage. 

Group B. Areas of atelectasis and the accumulations of polymor- 
phonuclear leukocytes in alveolar capillaries were also seen in this 
group. Some alveoli contained masses of polymorphonuclear leuko- 
cytes as well as serous precipitate. Thrombosis of small and medium- 
sized blood vessels was present in several animals (Fig. 2). Occasion- 
ally there was evidence of early stages of organization of the thrombi 
(Fig. 3). In two rabbits, nos. 22 and 24, focal areas of inflammatory 
consolidation were noted. These contained collections of mononuclear 
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leukocytes. The alterations in the lungs were less marked in the 
animals in which the antigen was injected into the left ventricle. 

Liver. Group A. In the animals given the smaller dosage, scattered, 
isolated liver cells or small groups of cells exhibited hyalinization of 
the cytoplasm and pyknosis of the nuclei. Polymorphonuclear leuko- 
cytes had invaded or collected around the more extensively damaged 
cells. Following larger doses of antigen, definite areas of focal necrosis 
of hepatic cells were observed and many cells had entirely lost their 
structure. The blood vessels were engorged with erythrocytes. 

Group B. The above-mentioned changes were better defined in the 
livers of this series of animals (Fig. 4). In occasional lesions, mono- 
nuclear phagocytes were present in the sinusoids about the areas of 
focal necrosis (Fig. 5). In animals nos. 44 and 45, which died soon 
after large, intracardiac injections of the antigen, extensive areas of 
necrosis of liver cells with few polymorphonuclear leukocytes in the 
sinusoids were observed. In addition to these changes, there were 
numerous occluding or mural thrombi in the central hepatic and 
larger veins (Fig. 6). These thrombi consisted of masses of an eosin- 
ophilic, hyaline material in which degenerating polymorphonuclear 
leukocytes were embedded and which were often surrounded by a 
network of fibrin. 

Intestine. No constant pathologic changes were noted in the small 
intestines of either group. However, in some of the animals receiving 
large amounts of the antigen, there were indications of cellular necrosis 
and phagocytosis in the centers of some of the lymphoid follicles. 

Spleen. The changes observed in the spleens of the animals in both 
groups were variable. Frequently the sinusoids, in rabbits killed after 
the longer intervals following the last injection, contained excessive 
accumulations of polymorphonuclear leukocytes. Occasionally thrombi 
were also observed in the vascular spaces. Phagocytosis of cells, cell 
fragments and an eosinophilic material by the mononuclear cells lining 
the sinusoids was apparent. In some of the specimens this phagocytic 
activity appeared considerably increased. Increased mitotic activity 
was also evident in some instances in the cells of the lymphoid 
follicles. 

Adrenal. In both groups A and B, microscopic examination revealed 
varying degrees of degenerative changes in the cortical cells. In many 
there was evidence of injury or necrosis of isolated cortical cells. In 
the glands obtained from animals nos. 19 and 124 occasional small 
groups of cells had become necrotic and were invaded by poly- 
morphonuclear leukocytes. 

Kidney. The changes in these organs from both groups A and B 
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consisted mainly of congestion and hyperemia of the blood vessels. 
In rabbits nos. 19 and 20, thrombosis of the capillaries of the glomeru- 
lar tufts and acute, tubular degeneration were noted. 

Bone Marrow. Group A. In the animals dying within 1 to 3 hours 
after the last injection, the marrow was observed to contain relatively 
few adult polymorphonuclear cells. With longer periods following the 
final injection, the bone marrow contained large numbers of young 
polymorphonuclear leukocytes and myelocytes. In some animals there 
was an extravasation of blood into the marrow spaces. 

Group B. The sections of the bone marrow were characterized by 
a marked hyperplasia of cells of the granulocytic series and alterations 
of the megakaryocytes marked by pyknosis of the nuclei and occasional 
invasion of the cell by polymorphonuclear leukocytes. Areas of 
necrosis and mononuclear cell infiltration were seen in the specimens 
from a few of the animals. Phagocytic cells were seen in many cases 
to have ingested fragments of the necrotic cells. 

These changes, although variable, were more pronounced in the 
series of animals that received the antigen by the intracardiac route. 
Widespread necrosis of cells with or without hemorrhagic extravasa- 
tion was most marked in the animals receiving the larger amounts of 
antigen shortly before death in whose bone marrow only a few mature 
leukocytes remained. There was hyperplasia of immature cells of 
the granulocytic series with increased mitotic activity which led them 
to overshadow the erythroblastic cells. Thrombi similar to those 
described in the liver and spleen were occasionally observed in the 
vascular sinuses of the marrow. 


DISCUSSION 


These experiments are of interest in that they indicate that the 
somatic antigen of E. typhosa, which is released on disintegration of 
the bacterial cell, has toxic effects on local injection and widespread 
destructive action when it is carried by the blood stream into various 
tissues. As previously reported,® the animals give evidence of its 
toxic action on injection as indicated by labored respiration. Many 
also have a profuse diarrhea and their temperatures rise from ro1° or 
103° F. to levels as high as 105° to 107° F. 

The congestion and hemorrhages in various organs as noted at 
autopsy have been described by Arima’ in animals treated with a 
toxic solution derived from cultures of the typhoid bacillus. Similar 
observations and necrosis of liver cells in rabbits were recorded by 
Spanedda '' and Dennis ** who used toxic substances prepared from 
E. typhosa by the method of Boivin." 
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The toxic action of the antigen on liver cells, lymphoid tissue, 
cardiac muscle and polymorphonuclear leukocytes is most prominent. 
From the evidence presented, it may be concluded that the destructive 
action of the antigen on leukocytes is not exerted solely against the 
polymorphonuclear leukocytes in the circulating blood as observed 
in previous experiments using rabbits ° and human beings,’’ but that 
the substance reaching the bone marrow via the blood stream also 
destroys the cells im situ, producing areas of necrosis in some instances. 
Likewise the material has been demonstrated to destroy hepatic cells 
with a production of focal necroses. The lesions in the liver and bone 
marrow may, by their location, suggest some relationship to the focal 
necroses found in the bone marrow and liver of patients dying of 
typhoid infection as described by Mallory.’* It is perhaps noteworthy 
that these lesions in the human material occur without the presence 
of demonstrable typhoid bacilli in the sections, as pointed out by 
Mallory ** and Goodpasture.’® Goodpasture has postulated that these 
focal necroses indicate the action of an endotoxin in the circulating 
blood derived from phagocytosed and lysed bacilli. Thus the powerful 
tissue toxicity of the antigen used in these experiments may fulfill this 
role since its toxicity for these tissues has been demonstrated and it 
is released on the disintegration of typhoid organisms. 

The occurrence of thrombi in the vessels of the lung, liver, spleen 
and in the sinusoids of the liver, spleen and bone marrow gives 
evidence that this material injures vascular endothelium leading to 
thrombosis. This action may possibly be related to the mechanism 
responsible for the widespread thrombosis of blood vessels in the 
tissues of patients dying of typhoid fever,’* though the collections of 
large mononuclear cells within the vessels and beneath the endo- 
thelium as described by Mallory ** were not reproduced in these ex- 
perimental animals. 

Thus, although the lesions in the tissues of these rabbits injected 
with the toxic antigen derived from E. typhosa have in many instances 
shown no striking cytologic similarity to the lesions observed in tissues 
of fatal cases of typhoid fever in man, the production of lesions in 
the liver, spleen, bone marrow and blood vessels indicates that this 
potent tissue toxin may play a r6le in the production of changes 
observed in the tissues of patients dying of typhoid fever. 


SUMMARY 


1. The toxic somatic antigen isolated from FE. typhosa produces 
a marked inflammatory reaction when injected into the skin of a 
rabbit that leads to fixation im situ of an injected colloidal dye. The 
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resultant changes proceed to eventual necrosis and walling off of the 
area by fibrous tissue. 

2. The antigen administered by intravascular routes causes wide- 
spread injury to capillary and blood vessel walls with subsequent 
thrombosis, and leads to the necrosis of cells of the liver, heart muscle, 
adrenal glands and bone marrow. The kidneys and the lymphoid 
tissue of the spleen and small intestine may also be injured. The 
injurious action of the antigen is followed by a hyperplasia of the bone 
marrow chiefly involving the granulocytic series of cells. 


I wish to acknowledge with gratitude the advice and constructive criticism of 
Dr. G. A. Bennett of the Department of Pathology of the Harvard Medical School. 
The experiments on inflammatory fixation were carried out by Dr. Valy Menkin 
of the Department of Pathology. The author wishes to thank Dr. J. A. Horneff 
for assistance in the preparation of the photomicrographs. 
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DESCRIPTION OF PLATE 


PLATE 18 


.1. Cardiac muscle from rabbit no. 23. Degeneration of cardiac muscle fibers 
with beginning cicatrization is present. Hematoxylin and eosin stain. X 200. 


2. Lung of rabbit no. 45. Thrombosis of a medium-sized vein and large num- 
bers of polymorphonuclear leukocytes within the alveolar walls are notable. 
Eosin and methylene blue stain. X 200. 


3. Lung of rabbit no. 18. The thrombus in this small blood vessel is observed 
in an early stage of organization with a layer of endothelium extending over its 
surface. Hematoxylin and eosin stain. X 200. 


4. Liver of rabbit no. 20. Liver cells in this area have undergone degenerative 
changes and invasion by polymorphonuclear leukocytes. Hematoxylin and 
eosin stain. X 200. 

5. Liver of rabbit no. 18. In this area of necrosis there is complete loss of the 


liver parenchyma and infiltration by mononuclear cells. Hematoxylin and 
eosin stain. X 200. 


6. Liver of rabbit no. 44. A hyaline thrombus lies within the lumen of this 
hepatic vessel. Eosin and methylene blue stain. X 200. 


|| 
|| 
| 
144 


AmerICAN JOURNAL OF PaTHoLoGy. VoL. XIX PLATE 18 


Morgan Changes Produced by a Toxic Somatic Antigen 
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EXPERIMENTAL NECROTIZING ARTERITIS IN DOGS 


III. BILATERAL NEPHRECTOMY AS EFFECTIVE AS HEAVY METAL 
INJURY IN ITS PRODUCTION * 


Russet, L. Horman, M.D. 
(From the Department of Pathology, University of North Carolina, Chapel Hill, and 


the Department of Laboratories, Watts Hospital, Durham, N. C.) 

In a recent publication I' described acute necrotizing arterial 
lesions which appeared unexpectedly during the course of experiments 
designed to determine whether heavy metal poisoning is influenced 
by altering the plasma protein level. Five dogs, maintained on a 
standard low protein diet, were made hyperproteinemic by repeated 
daily injections of plasma obtained from healthy donor dogs. Each 
then received a single subcutaneous injection of uranium nitrate; 
5.0 mg. per Kg. Four of these showed acute necrotizing arterial 
lesions when they died 8 to 17 days later and the fifth dog showed 
healed lesions in the pulmonary artery when it was sacrificed 11 
months later. Four additional dogs, maintained on the same standard 
diet, were made hypoproteinemic by repeated plasmapheresis, then 
injected subcutaneously with uranium nitrate. The two dogs which 
received 3.0 and 5.0 mg. per Kg. showed similar arterial lesions when 
they died 15 days after injection of the heavy metal, while the two 
dogs which received 2.0 and 2.5 mg. per Kg. failed to develop any 
arterial lesions. 

These arterial lesions affected principally the large elastic arteries 
(aorta, endocardium of the left auricle, pulmonary and coronary ar- 
teries), but were also found in other arteries (mesenteric, femoral, 
subclavian). They were consistently absent from the vessels of organs 
other than the heart and lungs. 

Essentially, the lesion is an acute necrotizing arteritis apparently 
starting, and usually most marked, in the intima but not infrequently 
involving all three coats. In a few instances the lesion was situated 
primarily in the adventitia. Edema, together with swelling and frag- 
mentation of collagen, seemed to be the initial change. In rapid 
succession, necrosis of collagen, outpouring of fibrin, massive polymor- 
phonuclear reaction and disintegration of elastic tissue and the other 
elements in the arterial wall ensued. The process appeared to start 
in the connective tissue beneath intact endothelium, but in the ad- 
vanced lesions ulceration with thrombosis was observed. Sometimes 
calcium was deposited in the necrotic lesions. Some of the lesions 

* Aided by a grant from The John and Mary R. Markle Foundation. 
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resembled those of periarteritis nodosa and rheumatic arteritis, but 
no claim of identity was made. 

In a more recent article,” identical lesions in the same locations 
have been reported following the use of mercuric chloride instead of 
uranium nitrate. Two dogs, maintained on the same standard diet, 
were made hyperproteinemic by repeated daily injections of plasma 
obtained from healthy donor dogs. Each then received a single in- 
travenous injection of mercuric chloride; 3.0 mg. per Kg. Both dogs 
showed acute necrotizing arterial lesions when they died 6 and 7 days 
after injection of the heavy metal. One of these dogs had a saccular 
aneurysm about 8 mm. in diameter situated on the anterior surface 
of the innominate artery immediately at its point of origin from the 
arch of the aorta. 

Thus these experimental necrotizing arterial lesions have been 
produced with regularity by paying attention to three factors: 

1. Standard low protein diet. 

2. Plasma alteration (usually repeated intravenous injections of 
plasma obtained from healthy donor dogs). 

3. Heavy metal injury (both uranium nitrate’ and mercuric 
chloride *). Control observations indicated that the lesions were 
related to the experimental procedure and were not due to accidental 
or coincidental infection. Although some conjectures about the patho- 
genesis of the lesions have been made,’ no satisfactory explanation 
for them has been advanced. 

The present report attempts to elucidate one of the three factors, 
namely, heavy metal injury. Since both uranium nitrate and mercuric 
chloride produce renal injury with death in “uremia,” the question 
naturally arose whether the arterial lesions are related to the heavy 
metal as such or whether they are due to the renal insufficiency which 
follows the injection of the heavy metal. To bring evidence to bear 
on this point it was decided to substitute bilateral nephrectomy for 
heavy metal injury. At the outset it was realized that the dogs might 
not live long enough to decide the question, but since the lesions had 
been observed as early as 6 days after mercuric chloride and since 
survivals of longer intervals after bilateral nephrectomy had been 
reported,® the attempt was made and has been rewarded by finding 
less marked lesions, presumably in the early stages of their develop- 
ment. 

METHODS 

The methods have been described in detail in previous publica- 
tions. * The three young, adult, female dogs used in the present 
studies were maintained on the standard diet which consisted of: 
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calves’ liver (raw wet weight), 32 parts; cane sugar, 25 parts; corn- 
starch, 25 parts; butter, 12 parts; cod liver oil, 6 parts. Enough 
tomato juice was added to make a paste, of which each gram con- 
tained 3 calories. The diet was fed in amounts to furnish 75 calories 
per Kg. per day. One gm. of the McCollum-Simmonds salt mixture * 
and 5 gm. of kaolin were thoroughly mixed with each day’s diet. 

The plasma injections, repeated six times per week for 3 to 4 weeks, 
averaged 102 cc. This amounted to one-fourth to one-third of the 
total quantity of circulating blood plasma in the recipient, and during 
the course of 3 to 4 weeks the total citrated plasma injected amounted 
roughly to five to six times the total volume of circulating blood plasma 
of the recipient. Each injection contained about 2.5 cc. of a saturated 
aqueous solution of trisodium citrate. 

Nembutal anesthesia (40 mg. per Kg. in about tro cc. of sterile 
distilled water injected intraperitoneally) was employed for the 
nephrectomy operations. In dog no. 40-52 the left kidney was re- 
moved 4 months before starting the plasma injections. The right 
kidney of dog no. 40-52 and both kidneys of the other two dogs were 
removed on the day following the last injection of plasma. The in- 
cision was paracostal in the anterior axillary line and the chief pre- 
caution taken in removal of the kidneys was the careful stripping of 
the perirenal tissues so as to expose the pedicle (artery, vein and 
ureter). This was tied with number 9 white silk thread that had been 
doubled twice to form four strands. No dressing was necessary. 
Sterile technic was observed throughout. 

Necropsy was performed promptly after death of the dogs on the 
fifth or sixth day after removal of the kidneys. Blocks from all of 
the organs and from most of the tissues were fixed in a 4 per cent 
solution of formaldehyde and in Zenker’s solution. Routine sections, 
made from the Zenker-fixed material embedded in paraffin and cut 
at 7 yz, were stained with hematoxylin and eosin. Special stains used 
in selected cases included: Verhoeff’s stain for elastic tissue, some- 
times combined with van Gieson’s picro-acid fuchsin solution; von 
Kossa’s silver nitrate method for calcium, scarlet red stain for fats; 
phloxine-methylene blue and Gram’s stain for bacteria; and Levaditi’s 
stain for spirochetes. 


EXPERIMENTAL OBSERVATIONS 


Table I gives in summary the experimental data and in Table II 
the size and anatomical distribution of the lesions are indicated. 

Typical lesions are illustrated in Figures 1, 2, 4 and 7. Qualitatively 
the lesions were identical with those previously reported following the 
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use of uranium nitrate’ and mercuric chloride.” Leukocytic infiltra- 
tion with nuclear fragmentation is definite in all of these figures. While 
most of the leukocytes are most accurately described as “cells with 
distorted nuclei,’ some of them are recognizable as polymorphonuclear 
leukocytes. A rare mononuclear cell with faintly eosinophilic cyto- 
plasm—presumably an eosinophilic myelocyte—has been observed, 


I 
Summary of Experimental Data on Dogs with Bilateral Nephrectomy* 
Plasma protein 
Total concentration Height 
Dog Number of amount Body of non- Survival 
number injectionst of plasma _ Before _ After weight} protein interval{ 
injected injection injection nitrogen 
(cc.) (gm. per (gm. per (Kg.) (mg. per (days) 
100 cc.) 100 cc.) 100 
40-52 24 2515 7.7 10.2 7.2 710 5 
4°-77 24 2515 7-1 9.3 5-2 2958 6 
42-1 19 1825 5-9 8.3 5-6 538 6 


* All dogs maintained on basal diet throughout entire period. 

t The total period in which these injections were made was 3 to 4 weeks. 
+ Body weight at end of period of plasma injections. 

§ This determination was made 2 days before this dog died. 

f Interval between bilateral nephrectomy and death. 


TaBLe II 
Size and Distribution of Arterial Lesions* 


Dog Ascending Left Pulmonary Other arteries 

number aorta auricle artery 

40-52 +7 + 

40-77 + +7 + Myocardial arteriole, +7 

42-1 ++7 ++ + Innominate, +; arterioles in myo- 
cardium, +7 and in submucosa of 
stomach, +-. 

* The lesions have been graded as follows: +--+ = gross lesion less than 1 cm. in maxi- 


mum diameter; + = lesion discovered in microscopic section. 
t Microscopic illustration. 


but eosinophils were not a conspicuous part of the reaction. Edema 
with swelling and early fragmentation of collagen can be seen about 
the margins of some of the lesions (Figs. 2 and 4). Verhoeff’s stains 
showed definite fragmentation of elastic tissue in some of the lesions 
(Fig. 5). No calcification nor thrombosis was seen in these early 
lesions. Frozen sections stained for fat have been negative. 
Quantitatively the lesions were definitely smaller than those that 
have previously been reported.” * In all probability they would have 
been overlooked in a routine necropsy. Careful examination of the 
areas in which the lesions were known to occur most frequently (pul- 
monary artery, endocardium of the left auricle, ascending limb of 
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the arch of the aorta including the mouth of the innominate artery) 
revealed a grossly positive result in only one dog. In the other two 
dogs there was questionable roughening of the intimal or endocardial 
surface in one or more foci that proved positive on histological ex- 
amination. 

As in previous experiments no organisms have been cultured from 
the blood during life or from the lesions at the time of necropsy. Nor 
have any organisms been demonstrated in or about the lesions with 
methylene blue, Gram’s or Levaditi’s stains. Evidence that sodium 
citrate, the anticoagulant injected with the donor’s plasma, was not 
responsible for the development of the lesions has recently been 
published.® Thus all control data continue to indicate that the lesions 
are related to the experimental procedure and are not due to acci- 
dental or coincidental infection. 


DISCUSSION 

From the results reported above, I believe the statement is justified 
that bilateral nephrectomy is as effective as heavy metal injury in 
the production of these necrotizing arterial lesions. The negative gross 
results in two of the dogs are probably related to the fact that the 
animals did not survive the operation for a sufficient period of time. 
In the positive animals the lesions are similar in all qualitative re- 
spects. Thus the question of heavy metal as such has been eliminated 
and the essential factor appears to be renal insufficiency. 

The similarity of some of the lesions to those of periarteritis nodosa 
is evident from Figure 6 and has been commented on previously.’ 
In this connection it is of interest that many human cases of peri- 
arteritis nodosa are preceded by diffuse glomerulonephritis.” A survey 
of the 20 cases of periarteritis nodosa in the files of the Department 
of Pathology of Columbia University substantiates this view. In 12 
of the 20 cases there was definite evidence of nitrogen retention and 
in the majority it was evident that the renal insufficiency antedated 
the arterial changes.* 

The way in which renal insufficiency operates in the production of 
arterial lesions has interested clinicians since the time of Hippocrates 
and especially since the time of Richard Bright. Considerable impetus 
has recently been added to the problem by the work of Goldblatt in 
which he has shown that renal ischemia of moderate degree leads to 
hypertension, while renal ischemia severe enough to produce in- 
sufficiency with nitrogen retention leads to hypertension and arteriolar 
necrosis.‘ Neither the pressor substance nor the necrotizing factor 


* The author is indebted to Dr. J. W. Jobling for access to these files. 
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has been isolated but the latter appears to be definitely correlated 
with renal insufficiency. Winternitz and Katzenstein *® have reached 
the same conclusion regarding the rdéle of renal insufficiency in the 
necrotizing arterial lesions which they produced in dogs by subtotal 
ureteral obstruction. 

Concerning the manner in which renal insufficiency might operate 
in the pathogenesis of these arterial lesions, three possibilities come 
to mind: 

1. Toxic factor—failure to eliminate something toxic to the arterial 
wall. 

2. Nutritive factor—removal of something necessary for continued 
arterial integrity. 

3. Imbalance—indirectly upsetting a balance necessary for arterial 
integrity. No evidence is available to substantiate any of these general 
possibilities. 

The rédle of one of the other two factors—plasma alteration—is 
discussed in the following paper. 


SUMMARY 


1. Acute necrotizing arterial lesions affecting principally the large 
elastic arteries (aorta, endocardium of the left auricle, pulmonary 
and coronary arteries) have been produced with regularity in dogs 
by combining three factors: 

a. Maintenance on a standard low protein diet. 

b. Plasma alteration (usually repeated daily injections of plasma 

obtained from healthy donor dogs). 

c. Heavy metal injury—both uranium nitrate’ and mercuric 

chloride.” 

2. In the present report it has been shown that bilateral nephrec- 
tomy can be substituted for heavy metal injury, thus indicating that 
renal injury rather than heavy metal as such is the essential factor. 
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DESCRIPTION OF PLATES 


PLATE 19 


Necrotizing arterial lesions in dogs. All sections were taken from dog no. 42-1 
and were stained with hematoxylin and eosin. 


Fic. 1. Acute necrotizing arteritis at point of origin of innominate artery from 
aorta. X 85. 


Fic. 2. (From area indicated in Fig. 1.) XX 380. 


Fic. 3. Right ventricle. Necrotizing arteriolitis. 380. 
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PLATE 20 


Necrotizing arterial lesions in dogs. All sections. except that used for Figure 5, 
were stained with hematoxylin and eosin. 


Fic. 4. Dog no. 40-77. Acute necrotizing left auriculitis. 520 


Fic. 5. Dog no. 40-77. Acute necrotizing left auriculitis. Swelling and fragmenta- 


tion of elastic tissue. Verhoeff’s elastic tissue stain. 350. 


Fic. 6. Dog no. 40-77. Left ventricle. Necrotizing arteriolitis simulating periarteri- 


tis nodosa. 95. 


Fic. 7. Dog. no. 40-52. Acute necrotizing aortitis. 
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EXPERIMENTAL NECROTIZING ARTERITIS IN DOGS 
IV. ALTERATION OF THE BLoop PLASMA PROTEINS Not ESSENTIAL * 


Russet, L. Horman, M.D. 


(From the Department of Pathology, University of North Carolina, Chapel Hill, and 
the Department of Laboratories, Watts Hospital, Durham, N. C.) 


In previous publications '* evidence has been presented indicating 
that acute necrotizing arterial lesions affecting principally the large 
elastic arteries (aorta, endocardium of the left auricle, pulmonary 
and coronary arteries) can be produced with regularity in dogs by 
controlling three factors: 

1. Standard low protein diet. 

2. Plasma alteration (usually repeated intravenous injections of 

citrated plasma obtained from healthy donor dogs). 

3. Renal insufficiency produced by toxic doses of uranium nitrate,’ 

or mercuric chloride,” or by bilateral nephrectomy.* 


All of the control data have indicated that the lesions are related to 
the experimental procedure and are not due to accidental or coin- 
cidental infection. 

In this paper data are presented which eliminate from an essential 
rdle one of the most puzzling of these three factors, namely, plasma 
alteration. If these observations are confirmed, the problem is reduced 
to two factors: (1) a dietary factor and (2) a factor associated with 
renal insufficiency. 

During the course of experiments by Donnelly and Holman,* 
designed originally to determine whether sodium citrate (the anti- 
coagulant used in obtaining plasma from the donor dogs) played any 
pathogenic r6le in these arterial lesions, 3 of 66 dogs receiving “citrate 
and saline” instead of “citrate and plasma” showed typical necrotizing 
arterial lesions when they died 10 to 14 days after a lethal dose of 
uranium nitrate or mercuric chloride. These were the first examples 
of necrotizing arterial lesions that had been encountered in a dog not 
maintained on the standard diet and not subjected to “plasma al- 
teration.”’ 

About this same time Dr. M. C. Winternitz delivered a lecture at 
Duke University Medical School in which he presented illustrations 
of “hemorrhagic” and “necrotic” lesions in various organs and tissues 
of dogs that had been subjected to subtotal ureteral obstruction. Some 
of these lesions involved arteries and arterioles and resembled the 


* Aided by a grant from The John and Mary R. Markle Foundation. 
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necrotizing lesions that we had been obtaining. No mention was made 
of the diet on which his animals were maintained, and no “plasma 
alteration” was involved in his experiments. Some of the data which 
he presented at that time have since been published.” ° 

These observations, plus the disconcerting fact that lesions had 
been observed in hypoproteinemic as well as hyperproteinemic dogs,’ 
prompted the following experiments using prolonged maintenance on 
the standard diet before producing renal injury. 


Tasre I 
Summary of Experiments without “Plasma Alteration” 
Period on Maximum 
Dog standard Type of renal injury nonprotein | Survival 
number diet* nitrogen intervalt 
(months) (mg. per (days) 
100 cc.) 
40-56 5 Previous left nephrectomy, right 20 ° 
nephrectomy 
40-83 5 Bilateral nephrectomy 348 3 
40-85 5% Bilateral nephrectomy 308 4 
40-84 5 Bilateral nephrectomy 244f 5 
40-79 4 Previous left nephrectomy, uranium ni- 544T 7 
trate, 5.0 mg./Kg. 
40-68 3 Uranium nitrate, 5.0 mg./Kg. 162§ 35 
(sacrificed) 


* Period before renal injury was produced. 
+ Interval between renal injury and death. 
t Last sample obtained on day before death. 


§ Seven days after renal injury. Terminal nonprotein nitrogen, 44 mg./100 cc. 


METHODS 


The methods were the same as those outlined in the preceding paper. 


EXPERIMENTAL OBSERVATIONS 


Table I gives in summary the experimental data on the six dogs 
maintained on the standard diet for 3 to 5% months before being 
subjected to interference with renal function. This consisted of bi- 
lateral nephrectomy in four of the dogs and of uranium nitrate injury 
(5.0 mg. per Kg. injected subcutaneously) in the other two dogs. 
One of the latter, dog no. 40-79, and one of the former, dog no. 40-56, 
had had the left kidney removed several months before commence- 
ment of the experiments with standard diet feeding. Four of the dogs 
died in “uremia” 3 to 7 days after the renal injury; one, dog no. 40-68, 
survived the renal injury and was sacrificed 35 days later; the other 
died of an operative accident. This last dog, no. 40-56, served as 
a control on diet alone. In this connection many of the dogs used 
in the studies on plasma protein regeneration at the University of 
Rochester have been maintained on the same standard diet for periods 
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of over 1 year and have not shown necrotizing arterial lesions.‘ The 
only feature of note in the kidneys excised after several months on 
the standard diet was the presence of considerable fat, readily stain- 
able by scarlet red, in the loops of Henle. 

The size and distribution of the arterial lesions are indicated in 
Table II. No gross lesions were seen in dogs nos. 40-83 and 40-85. 
In dog no. 40-85 early lesions were present in the microscopical sec- 
tions while in dog no. 40-83, which survived bilateral nephrectomy 


Taste II 
Size and Distribution of Arterial Lesions* 
Dog Ascending Left Pulmonary 
number aorta auricle artery Other arteries, and remarks 
40-56 Control dog; no arterial lesions 
40-83 = 
40-85 T + + 
40-84 ++ ++T ++fT Innominate (aneurysmal bulge) 
40-79 Innominate +++ (aneurysm); com- 
mon carotid ++f7; subclavian ++; 
internal mammary ++; femoral 
+--+; mesenteric + 
40-68 ++ ae +++f7 | Artery in lung+f; all lesions healing 
* The lesions have been graded as foilows: +++ gross lesions over I cm. in maximum 
diameter; + + = gross lesions less than 1 cm. in maximum diameter lesions discovered 
in microscopical sections; + equivocal lesions. 


?Microscopical illustration. 


only 3 days, suggestive changes (edema, swelling of collagen, early 
pyknosis of nuclei and questionable leukocytic infiltration) were seen 
on histological examination, but no definite necrosis was present. In 
the other three dogs (nos. 40-84, 40-79, and 40-68) typical gross 
and microscopical lesions were found in the usual locations ( Figs. 
I-7; see preceding paper for description of lesions). 

It is noteworthy that the findings in the nephrectomized dogs were 
directly proportional to the length of time the animals survived the 
operation. One (dog no. 40-56) died of an operative accident; one 
(dog no. 40-83, 3 days) was grossly negative and showed only sug- 
gestive changes on histological study; one (dog no. 40-85, 4 days) 
was grossly negative but showed definite microscopical lesions; and 
one (dog no. 40-84, 5 days) showed typical gross and microscopical 
lesions including an aneurysmal bulge on the anterior surface of the 
innominate artery at its point of origin from the arch of the aorta. 
Previously, gross lesions have not been observed earlier than 6 days 
after the production of renal insufficiency. 

Two features of the lesions in dog no. 40-79 deserve special com- 
ment. First, there was a saccular aneurysm 9 mm. in diameter and 
partially filled with laminated thrombus on the anterior surface of 
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the innominate artery at its point of origin from the aorta. This is 
the second such aneurysm that has been found and both occurred 
at the same site (see dog no. 40-807* for the other). The second 
feature of interest is that the lesions differ to some extent from the 
ones usually seen. Instead of massive leukocytic infiltration and 
necrosis with partial liquefaction of the elements of the arterial wall, 
the lesion was chiefly a change in the elastic tissue. Grossly the 
affected vessels were crumpled and inelastic. Microscopically, instead 
of being undulating the internal elastic membrane was in a straight 
line (Fig. 5). Necrosis was obvious from the loss of nuclei and the 
more intense eosin staining of the smooth muscle cells, but leukocytic 
infiltration was minimal. These lesions resembled those previously 
described and illustrated in dog no. 38-24,’ except that calcium de- 
position was much more conspicuous in dog no. 38-24. Possibly this 
was related to the time factor; dog no. 40-79 lived only 7 days after 
the renal injury while dog no. 38-24 survived 15 days. Renal injury 
in both was produced by uranium nitrate. 

All of the lesions in dog no. 40-68 were healing or healed. This 
dog survived the acute phase of the experiment and was sacrificed 
with ether 35 days after the administration of uranium nitrate. This 
is the second dog that has shown healed lesions (compare dog no. 
39-28 that was sacrificed 11 months after the administration of 5.0 
mg. of uranium nitrate per Kg.'). In dog no. 39-28 there was a com- 
plication—the presence of five adult female heart worms, Dirofilaria 
immitis, in the pulmonary artery, the vessel that showed the most 
marked healed lesions. This made the interpretation of the healed 
lesions difficult. In dog no. 40-68 no “heart worms” were present yet 
the lesions were similar in all respects except those related to differ- 
ences in survival time. 


DISCUSSION 


The chief significance of these experiments is that they eliminate 
from an essential rdle one of the most puzzling features connected 
with these studies on “experimental necrotizing arteritis in dogs,” 
namely, “plasma alteration.” The original conjecture about the patho- 
genesis of these arterial lesions, “that they may be due to a hyper- 
sensitivity to some constituent of the blood of one or more of the 
donor dogs,” has to be modified. The problem apparently becomes 
one of disturbed metabolism and resolves itself into two factors: (1) 
a dietary factor and (2) a factor associated with renal insufficiency. 

This concept of the problem brings these studies into closer corre- 
lation with those of Winternitz and his co-workers,” ° and with those 
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of Goldblatt ° and others. The factor common to all of this experi- 
mental work is renal insufficiency, a factor long suspected of playing 
a part in arterial disease in humans. Brief evidence for a possible 
etiological relationship between renal injury and periarteritis nodosa 
has been given in the preceding paper. 

At the present time it seems to make little difference as to how 
the renal insufficiency is produced; i.e., by heavy metals, by con- 
stricting the renal arteries, by subtotal ureteral obstruction, or by 
extirpating the kidneys. With constriction of the renal artery, hyper- 
tension ensues, and this may be responsible for a necrotizing process 
affecting the arterioles rather than the larger arteries. Winternitz and 
Katzenstein ° failed to observe any correlation between blood pressure 
and the anatomical lesions in their dogs, which involved arteries as 
well as arterioles. The few scattered determinations of blood pressure 
which I have made have not yielded any definite results. 

Neither Goldblatt ® nor Winternitz and his co-workers*®° have 
found it necessary to control the diet of their animals. In my ex- 
periments to date, diet seems to play a definite rdle. Evidence for 
a dietary factor is admittedly incomplete but is accumulating and 
will be presented in the near future. 


SUMMARY 


1. In all of my previous publications on “experimental necrotizing 
arteritis in dogs,” ** three factors have been constant: 

a. Maintenance on a standard low protein diet during the course 

of the experiment (3 to 6 weeks). 

b. Alteration of the blood plasma proteins—hyperproteinemia in 
11 dogs by repeated injections of plasma obtained from healthy 
donor dogs; hypoproteinemia by plasmapheresis in 2 dogs. 

c. Renal insufficiency—uranium nitrate in 8 dogs;’* mercuric 
chloride in 2 dogs; * bilateral nephrectomy in 3 dogs.* 

2. In the present report none of the dogs was subjected to any 
alteration of the blood plasma proteins but there was prolonged main- 
tenance on the standard diet before renal injury was produced. Four 
of 5 dogs, maintained on the standard diet for 3 to 5 months and 
then subjected to renal injury (2 by uranium nitrate and 2 by bi- 
lateral nephrectomy), showed typical necrotizing arterial lesions when 
they died or were sacrificed 4 to 35 days later. The fifth dog, which 
survived bilateral nephrectomy only 3 days, showed suggestive early 
changes but no definite necrosis. 

3. Prolonged maintenance on the standard diet is as effective as 
less prolonged maintenance on the diet plus “plasma alteration.” 
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4. These experiments eliminate from an essential rdle one of the 
most puzzling features connected with these experimental arterial 
lesions, namely, “plasma alteration,” but do not explain how “plasma 
alteration” augments the process. 

5. The original conjecture “that the lesions may be due to a 
hypersensitivity to some constituent of the blood of one or more of 
the donor dogs” * is no longer tenable. The problem apparently be- 
comes one of disturbed metabolism and resolves itself into two factors: 
(1) a dietary factor and (2) a factor associated with renal insuf- 
ficiency. 
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DESCRIPTION OF PLATES 


PLATE 21 


Necrotizing arterial lesions in dogs. All sections were taken from dog no. 40-84 
and were stained with hematoxylin and eosin. 


Fic. 1. Acute necrotizing arteritis at point of origin of innominate artery from 
aorta. X 100. 


Fic. 2. Acute necrotizing left auriculitis. 100. 


Fic. 3. Acute necrotizing arteritis of pulmonary artery. X 100. 
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PLATE 22 


Necrotizing arterial lesions in dogs. All sections, except that used for Figure 5, 
were stained with hematoxylin and eosin. 


Fic 4. Dog no. 40-79. 


Acute necrotizing arteritis of common carotid artery. 


128. 


Fic. 5. Dog no. 40-79. Another section of common carotid artery, stained with 

Verhoeff's elastic tissue stain. The “normal” undulating pattern of the internal 

elastic membrane and medial elastic tissue is replaced with “straight lines.” 
128. 


6. Dog no. 40-68. Healed lesion in intima of pulmonary artery. 


Dog no. 40-68. Healed lesion in artery in lung. 150. 
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STUDIES ON EXPERIMENTAL RICKETS IN RATS 
IV. THE RELATION OF RICKETS TO GROWTH, WITH SPECIAL 
REFERENCE TO THE BONEs * 


G. S. Dopps, Ph.D., and Hazer C. Cameron, M.A. 


(From the Histological Laboratory of the School of Medicine and the Nutrition Research 
Laboratory of the Agricultural Experiment Station, West Virginia University, 
Morgantown, W. Va.) 


In former papers (1934, 1938 and 1939) we have described the 
changes in the bones of rachitic rats, with special reference to the 
epiphyseal cartilage, both in the active phase of rickets and during 
healing of the disease. Inasmuch as the osseous changes in these rats 
have been studied and described in considerable detail, it seems desir- 
able to present our observations upon the growth pattern of these 
same rats, as it is modified during the development and healing of 
rickets, with special emphasis upon the growth of the bones. It is well 
known that experimental rachitogenic diets inhibit growth to varying 
extents. The observations recorded here give further information 
concerning growth as affected by the Steenbock-Black diet 2965, so 
widely used in experimental work. A significant feature of the present 
studies lies in the fact that we have traced the progress of rickets and 
the growth of the bones in individual rats by the use of frequent 
roentgenograms of the living rats. 


MATERIAL AND METHODS 


Rickets was produced by the Steenbock-Black rachitogenic diet 
2965. Healing was produced in most of the rats by irradiated ergos- 
terol (Viosterol), though in a smaller number cod-liver oil was used. 
The rachitogenic diet was begun at the age of 4 weeks; the curative 
treatment at 8 or 9 weeks of age, after rickets had become well 
established. 

Growth records were made of 135 rats sacrificed for microscopic 
study at ages of 4 to 13 weeks, including 22 rats on a balanced ration 
and 113 on the rachitogenic diet. The records included 678 roentgeno- 
grams of the 135 rats. Of 58 rats roentgenograms were taken weekly 
or more often; from the remaining 77, at less frequent intervals or 
only at the time of sacrifice. The microscopic studies covered the 
bones from 112 of these rats. Line test studies were made of 37. 

* Published with the approval of the Director, West Virginia Agricultural Experiment 
Station, as Scientific Paper no. 280. 
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The roentgenograms were taken of cntire rats as they lay, ventral 
side down, relaxed under light ether anesthesia. Measurements made 
on x-ray films under magnifications of a few diameters were found 
to be fairly accurate and served to show general trends of growth 
very well, though there were some minor irregularities due, presumably, 
to inaccuracies in measurement, or to varying attitudes of the bones. 
Certain corrections were made to compensate for the angles between 
the several bones and the photographic film. The length of the ver- 
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Text-Figure 1. Scattergram showing rate of development of rickets in rats as meas- 
ured by the increase in thickness of the epiphyseal cartilage in the head of the tibia, based 
upon go rats on the Steenbock-Black diet 2965 (359 separate x-ray records). The indi- 
vidual points represent weekly records. The curve shows the average value for each week. 
tebral column is the least reliable of the measurements, because the 
vertebral column is subject to varied degrees of arching for which 
there is no obvious correction. 

We have recorded graphically the growth of each rat, using appro- 
priate arbitrary scales which make the several items readily comparable 
and at the same time show the actual values as measured. Text-Figures 
2-4 show 3 rats with different habits of growth. 


THE RATE OF DEVELOPMENT OF RICKETS 
As an index of the severity of rickets we employed the pathologic 
thickening of the epiphyseal cartilage in the head of the tibia, a widely 
used and easily measured anatomic feature of the disease. The weekly 
values for the thickness of this cartilage were plotted for go rats, 
using 359 roentgenograms, 261 of which showed some thickening of 
the cartilage (Text-Fig. 1). This graph shows the average rapidity 


STUDIES ON EXPERIMENTAL RICKETS IN RATS. IV a7t 


of development of rickets and the extremes for each week. In only 
9 of 53 rats was there any measurable thickening after 1 week on the 
rachitogenic diet, whereas all but 5 showed at least slight thickening 
after 2 weeks. The curve shows that the thickening progressed rather 
rapidly in the earlier weeks, but more slowly in the later weeks, until 
a maximum of about 2 mm. was attained. Records for each individual 
rat showed the same general trend, although there were differences in 
the exact form of the curves. 

This graph (Text-Fig. 1) does not definitely answer the question 
whether the cartilage wholly ceased to thicken, or merely grew very 
slowly during the later weeks. The individual records, however, indi- 
cated that in some rats the cartilage definitely continued to increase 
in thickness for 8 or 9 weeks on the diet, while in others there was 
no measurable increase after about the fifth week. Nor has it been 
clearly demonstrated that mitosis of the cartilage cells wholly ceased 
in some rats with advanced rickets, although our microscopic studies 
showed that it at least became very slow. The uncalcified condition 
of the thickened cartilage clearly allows some compression (emphasized 
by Park, 1939), which would prevent actual thickening even though 
there might be a slow multiplication of cells. 

The few scattered records well below the main group in Text-Figure 
I represent a few rats with very mild rickets. Microscopic study 
showed that in these rats, calcification did not wholly cease, nor was 
cartilage removal entirely suspended. Cartilage removal did, however, 
lag considerably behind growth, so that the cartilage became some- 
what, but not greatly, thickened. The thinner cartilage in such cases 
of mild rickets does not indicate less rapid cartilage growth than in 
severe rickets but, on the contrary, more rapid growth as shown by 
the observation that the elongation of such bones was definitely greater 
than in rats with severe rickets. Unfortunately, no weekly roentgeno- 
grams of these rats were taken, but only the terminal picture, as seen 
at the time of their sacrifice. 


RICKETs IN RELATION TO GROWTH 
The Weight of Rachitic Rats 


The rats on the rachitogenic diet gained weight less rapidly than 
did the controls, an observation in accord with general experience with 
this and other commonly used rachitogenic diets (Text-Figs. 2, 3 and 
5). In general it may be said that the more severe the rickets, the 
more the growth curve, after 5 or 6 weeks, fell below the normal. But 
the rats in which rickets developed most rapidly for the first 3 or 4 
weeks were neither the heaviest nor yet the lightest, but rather the 
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intermediates. This relation is shown when the severity of rickets 
(thickening of the epiphyseal cartilage) is plotted against the gain 
in weight for rats of a given age (e.g., at 7 weeks, as in Text-Fig. 6). 
This scattergram shows for the main group of rats an evident, positive 
correlation; that is, the rats which showed the greatest gains in weight 
since the beginning of the rachitogenic regimen had developed the 
most advanced rickets. But there was a minority, including rats much 
heavier’ than the main group, in which rickets was less advanced. 


Text-Figures 2-4. Graphs of 3 rats show- 
ing typical modes of growth for weight, 
length of body and length of leg bones. 
Weekly records are shown by circles; growth 
trends by smooth curves. At the top of Text- 
Figures 3 and 4 are shown the development 
of rickets (as measured by the thickness of 
the epiphyseal cartilage) and the progress of 
healing (as measured by Bourdillon’s 12-stage 
scale). All of these values are plotted to ap- 
proximate arbitrary scales which make the 
separate items readily comparable. 


Text-Figure 2. Rat no. 130, male, maintained on a balanced diet. The growth is well 
within the limits for normal, healthy rats. 
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This peculiar relation was shown equally well in these rats after 2, 
3, or 4 weeks on the diet. 
But when for these same rats the growth of the leg bones (e.g., the 
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Text-Figure 3. Rat no. 155, male, main- Text-Figure 4. Rat no. 134, female, 


tained on diet 2965. Persistent, severe maintained on diet 2965 throughout, but 
rickets. Growth was somewhat subnormal _ given irradiated ergosterol after 5 weeks. 


even during the first week on the experi- After about 5 weeks on the rachitogenic 
mental diet, and almost ceased after 5 diet the growth rate became much reduced, 
weeks but it was accelerated when healing was 


produced by the administration of vita- 
min D. 
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tibia) was plotted against the rate of development of rickets, all the 
records fell in a compact group showing a direct correlation. The 
heavy rats shown in Text-Figure 6 were evidently those which were 
able, to a high degree, to resist the development of rickets and to 
escape the degree of emaciation which accompanied rickets in the 
others. 

The increase in weight of rachitic rats did not follow any definite 
pattern, but assumed a wide diversity of forms (Text-Fig. 5). The 
growth patterns were not distributed at random, but all rachitic mem- 
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Text-Figure 5. Graphs showing average increase in weight of 17 normal rats and of 


7 individual rachitic rats (no curative agent fed and no spontaneous healing). These 


rats illustrate the variety of growth patterns assumed by rachitic rats. Each one is 
typical of a considerable number of rats of both sexes. 

Text-Figure 6. Scattergram of 51 rats (age 7 weeks) showing relation between gain 
in weight and severity of rickets after 3 weeks on diet 2965. About 40 of the rats fall in 
a group showing positive correlation between gain in weight and severity of rickets 
(thickness of epiphyseal cartilage). The remaining heavy rats suggest a reverse corre- 
lation. 


bers of a litter usually grew similarly, as indeed did those in all litters 
at about the same time. The growth pattern changed from time to 
time, but there was not observed any pattern definitely characteristic 
of any season of the year. In general, in accord with common ex- 
perience, rickets was more severe and the growth less rapid in winter 
than in summer, but this was by no means a clear-cut rule. Zucker, 
Hall and Young (1941), in a recent paper, emphasized these “seasonal 
or recurrent, aperiodic variations” which must be considered in making 
any kind of comparative growth study upon rachitic rats. Such vari- 
ations have made it necessary to use great caution in drawing con- 
clusions from our averages. 
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The reason for such variations in growth response to the rachitogenic 
diet is not evident. Temperature may be a minor factor, but rats kept 
at abnormally high temperature did not yield any definite information 
concerning the effect of temperature. In respect to the severity of 
rickets in relation to temperature, Tourtellotte and Bacon (1935) are 
not in agreement with the conclusions of Guerrant, Dutcher and 
Crowthers (1937), which would suggest that there cannot be any 
considerable influence of temperature. Nor were the differences 
in growth patterns distributed according to sex; the females grew 
less rapidly than the males, but the various patterns were distributed 
between the two sexes. Nor did the growth pattern bear any detectable 
relation to the weight of the young rats at the beginning of the experi- 
mental period, nor to the previous diet of the mothers. Presumably 
some sort of undetected differences in the rachitogenic diet must be 
responsible. 


The Growth of the Leg Bones 


The growth of the leg bones was retarded greatly in rachitic rats. 
In a given rat all the leg bones followed the same general pattern and 
all were retarded to about the same extent (Text-Fig. 3). The bones 
of different rats did not show the same diversity of growth patterns 
as did the weights of the same rats, possibly largely because the length 
of bones cannot be subject to the same fluctuations as the weight of 
the animal. The only conspicuously different growth patterns of bones 
were those characteristic of severe rickets, mild rickets and healing 
rickets (Text-Figs. 8, 9 and 10). 

The weekly measurements showed that the bones of rachitic rats 
suffered progressive retardation until, after about 4 weeks on the diet, 
the growth became very slow, and in some rats ceased entirely. It 
is clear, however, that there was no definite and universal growth 
limit at the age of 7 weeks (3 weeks on the diet) as there seemed to 
be from our earlier estimations which were not checked by weekly 
roentgenograms (1934), nor at about 11 days as recorded by Park 


(1939). 
The Tibia and Its Epiphyseal Cartilage 


The growth of the tibia and its epiphyseal cartilage gives a clear 
illustration of the way in which rickets influences the elongation of 
bones through its effect on the epiphyseal cartilage. In rats over 4 
weeks of age only the cartilage in the proximal end of the bone need 
be considered, because by that time the cartilage in the distal end 
has ceased to be a factor in the growth of the bone. 
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When the elongation of an average rachitic tibia and the thickening 
of its epiphyseal cartilage were plotted to the same scale and from 
a common origin, the two curves diverged for a time, but soon became 
nearly parallel, and throughout the greater part of their courses were 
separated by about 2 mm. (Text-Fig. 7). During the first week the 
tibia showed little effect of rickets and continued to grow in length 
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Text-Figure 7. Rat no. 155, male, with per- 
sistent severe rickets. The curves for the 
growth of the tibia and for the increasing 
thickness of the epiphyseal cartilage are 
plotted from a common origin. The two curves 
are divergent until cartilage removal ceases 
(for about 2 weeks), after which they become 
nearly parallel, being separated by about 2 
mm. The parallel relation persists as long as 
severe rickets continues. 


about as in normal bones. During these days the cartilage became 
no thicker, because its growth was normally utilized in the production 
of bone in the end of the growing shaft. But when the advance of 
calcification into the cartilage ceased and cartilage removal was sus- 
pended, the calcified shaft of the bone also ceased to grow longer. The 
uncalcified cartilage, however, continued to grow and, because none 
of it was being removed, increased in thickness. Thus it comes about 
that the elongation of severely rachitic bones is expressed wholly in 
the increased thickness of the cartilage rather than in the normal 
elongation of the osseous shaft. The parallel course of the two curves 
in Text-Figure 7 shows this relation. 

The growth relations shown in Text-Figure 7 represent about the 
average condition in severe rickets. The departures from this average 
condition involve a time factor (varying time elapsing before calcifi- 
cation and cartilage removal begin to lag behind growth, and before 
these two processes wholly cease); and a growth factor (varying rates 
of growth). The time factor determines how soon the curves become 
parallel; the growth factor, the distance between their parallel por- 
tions. 

On the average, the tibia had grown in length 1.5 mm. (extremes 
of o.5 mm. and 2.7 mm.) before the cartilage began to thicken; and 
had grown 2.0 mm. (extremes of 1.5 mm. and 3.0 mm.) before cal- 
cification and cartilage removal wholly ceased. The continued thick- 
ening of the cartilage after the cessation of its removal added an 
average of about 1.7 mm. to the length of the bone, a value from 
which the variations in either direction were not great. Thus, in rats 
with severe and persistent rickets, the total average growth of the 
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tibia during the rachitogenic regimen was 3.7 mm. (2.0 mm. pilus 1.7 
mm.), with extremes of 3.2 mm. and 4.7 mm. This is about one-third 
of the normal growth, inasmuch as during the same weeks (up to the 
age of 12 weeks) the average growth oi the tibia in the control rats 
was about 10 mm. (Text-Fig. 10). The behavior of the tibia as de- 
scribed above may be considered as characteristic of the long bones 
in general. 


The Growth of the Vertebral Column 


The growth of the body in length (the growth of the vertebral 
column as measured from the base of the skull to the caudal end of 
the innominate bone) showed deficiency, as did the leg bones (Text- 
Figs. 2, 3 and 9), though the varied amount of arching, especially 
pronounced in rats with very severe rickets, made roentgenograms 
unreliable in the detection of small increments of growth. In the con- 
trol rats the vertebral column continued to grow steadily, until at the 
age of 12 weeks it had made an average growth of 47 mm. over its 
length at 4 weeks. In the rachitic rats the growth of the vertebral 
column showed progressive retardation, as did the leg bones. After 
about the ninth week its growth was very slight, and by the end of 
the twelfth week it showed an average increase of only 12 mm. since 
the fourth week (about one-fourth the normal growth). 

During the experimental period (4 to 12 or 13 weeks of age), the 
leg bones of the control rats grew relatively less rapidly than did the 
vertebral column, so that the legs became proportionally shorter. In 
our rachitic rats the relative retardation of the vertebral column was 
greater than that of the leg bones, to the extent that in them the legs 
and thé vertebral column accomplished about the same relative growth. 

It is not surprising that rickets should affect the growth of the legs 
and the vertebral column to different extents, because the growth of 
each leg is the result of rapid growth of very few cartilages (two, ex- 
clusive of those in the foot), whereas the growth of the vertebral 
column is the summation of the growth of sixty cartilages, each of 
which grows very slowly. It is conceivable that rickets might affect 
the two types of cartilage to different extents, but it is not evident 
why the retardation should be greater in the cartilages which normally 
grow slowly than it is in those which grow rapidly. In this connection 
it is of interest to note that in two series of rats on two different non- 
rachitogenic diets (Outhouse and Mendel, 1933) the leg bones in the 
more slowly growing series were longer with respect to the body than 
in those which grew more rapidly, a result similar to that observed 
in our rachitic rats. 
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THE HEALING OF RICKETS IN RELATION TO GROWTH 
Measuring the Healing Process 

The degree of healing of rickets, as commonly measured by the line 
test, is an indication of the extent of resumed calcification. This 
calcification is intimately associated with the extensive tissue re- 
organization of the healing process (Dodds and Cameron, 1938). 
Roentgenograms, although not as extensively used as the line test, 
afford another very useful means of observing the extent of calcifi- 
cation, and have the advantage of applicability to the living rat. Some 
writers have advocated their wider use (Poulsson and Lovenskiold, 
1928; Bourdillon, Bruce, Fischmann and Webster, 1931), and have 
described useful methods. Our estimation of healing is based upon 
the 12-stage scale of Bourdillon and co-workers (Dodds and Cameron, 
1938). 

Graphs from roentgenograms of the head of the tibia showed that 
healing began promptly after the administration of vitamin D, and 
that it was often practically complete in 2 weeks, although a longer 
time frequently was needed. Text-Figure 4 includes graphs showing 
the progress of healing in a typical rat under the influence of vitamin 
D. The roentgenograms also revealed cases of spontaneous healing 
which began without the use of vitamin D. No such case of spon- 
taneous healing came to completion in any observed rat, but after 
a week or two gave place to renewed incidence of rickets. We interpret 
these cases of spontaneous healing as representative of an intermediate 
condition between severe rickets and the mild form in which cartilage 
removal does not wholly cease. 


Healing and Accelerated Growth 

When healing took place under the influence of vitamin D there 
was a marked improvement in growth, both in the weight of the rats 
and in the length of the bones. Comparison of Text-Figures 3 and 
4 shows resumed growth in a typical rat. A comparable acceleration 
was seen in every rat which was allowed to live long enough to bring 
healing to practical completion. 

We have recognized and plotted four general types of growth, the 
types corresponding to the severity of rickets (Text-Figs. 8-10). 
These types are distinguishable with equal clearness with respect to 
increase in weight, growth of the leg bones and growth of the vertebral 
column. These types are as follows: (1) Normal growth seen in rats 
on a balanced ration. (2) Serious and persistent growth retardation 
seen in those rats on the rachitogenic diet which developed severe and 
persistent rickets. (3) Marked retardation followed by acceleration 
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in the later experimental weeks, seen in rats which were undergoing 
healing under the influence of vitamin D. Not all rats undergoing 
healing on vitamin D showed as great growth acceleration as the eight 
included in the average shown in these figures, but it is true that 
every such rat showed more rapid growth than those in the same 


litters which did not receive the vitamin D. 


(4) An intermediate 


group vacillated between severe rickets and spontaneous partial heal- 
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Average growth curves for normal rats and for rats 


showing three different degrees of rachitic severity (compare Text-Figs. 2-4). Normal 
rats grew steadily and rapidly. Rats with persistent rickets grew with increasing slowness 
until growth almost ceased. Rats with spontaneous healing grew slowly but showed a 


tendency to acceleration in 


the latter weeks. Rats 


under the influence of vitamin D 


showed marked acceleration after healing took place. Compare Text-Figure 8, increase in 


weight; Text-Figure 9, growth of vertebral column; and Text-Figure ro, growth of tibia. 
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ing, with recurrent rickets. The growth trend was also intermediate 
between those of the two preceding groups of rachitic rats. 

To these four might be added a fifth group, including a few rats 
with very mild rickets (shown in Text-Fig. 1), in which calcification 
was less seriously deficient and removal of the epiphyseal cartilage was 
never wholly interrupted. The growth of these rats was only mod- 
erately retarded (Text-Fig. 5, curve 1). There were no weekly 
roentgenograms of these rats, but the final picture shows that the 
bones accomplished distinctly greater growth than in the other rachitic 
groups. 


DISCUSSION 


Inasmuch as growth is much retarded when experimental rickets 
develops in rats and is resumed when healing takes place, the con- 
clusion might be drawn that reduced growth is part of the rachitic 
condition. On the other hand, when vitamin D is added to the rachito- 
genic diet 2965 throughout the experimental weeks, though no anatomic 
evidences of rickets develop, yet the growth is no better than in rats 
receiving diet 2965 alone. This result has been observed in our rat 
colony and has been pointed out also by Kunde and Williams (1927) 
and by Zucker, Hall and Young (1941) and others. Such results 
might suggest that the growth deficiency is due directly to diet de- 
ficiency rather than to rickets. But the answer is not as simple as 
that. 

It has been observed by various workers (among them Osborne and 
Mendel, 1918) that inadequacy of phosphorus is a common cause 
of reduced growth; and more recently it has been pointed out that 
phosphorus deficiency is the chief growth-limiting factor of the rachito- 
genic diet 2965 and other high-calcium, low-phosphorus diets (Shohl 
and his co-workers, 1928, 1933 and 1939, and other workers). When 
renewed calcification takes place in the healing of rickets under the 
influence of vitamin D, it is presumably the better utilization of the 
scant phosphorus in the ration that makes possible the more rapid 
growth of all bodily tissues. But it is not evident why the rachitogenic 
diet with vitamin D added, though preventing rickets, does not produce 
better growth than the rachitogenic diet alone. This is especially 
puzzling in consideration of the marked growth acceleration which 
accompanies healing under the influence of vitamin D. 

Day and McCollum (1939) and Follis, Day and McCollum (1940) 
found that with a purified rachitogenic diet, very low in phosphorus, 
the very grave growth deficiency was due, in part at least, to inanition, 
because the rats did not eat enough of the ration. We found that in 
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our colony the rats on the rachitogenic diet did consume a little less 
food than those on the stock diet, but we observed no evidences of 
inanition. Moreover, the rachitic rats actually consumed more food 
per unit of body weight than did the controls. The quality of the 
food rather than the quantity was responsible for the deficient growth. 

Inasmuch as phosphorus deficiency is known to produce both rickets 
and subnormal growth, it would seem that the growth deficiency should 
be considered a part of low-phosphorus rickets. It is generally agreed 
that vitamin D produces an increased net absorption of phosphorus 
from the alimentary tract of rachitic rats which is sufficient to relieve 
the rachitic condition and to bring about somewhat better growth. 
But as long as the phosphorus in the ration is markedly low, the im- 
provement in rachitic rats does not result in fully normal growth nor, 
according to Zucker, Hall and Young (1941), in a completely normal 
mineral content of the bones. 

Vitamin D is not of itself a growth-promoting agent; it merely 
acts to increase the available phosphorus. Of interest in this connection 
are the results of Stearns, Jeans and Vandecar (1936) and Slyker, 
Hamil, Poole, Cooley and Macy (1937), who observed in over 500 
infants an increase in growth rate upon the addition of vitamin D 
to a ration already adequate enough to prevent rickets. Presumably 
the vitamin D was effective in increasing growth through its power 
to bring about greater economy of the phosphorus in the ration. 

The growth modifications observed microscopically in the rachitic 
epiphyseal cartilage (decreased cell multiplication and reduced growth 
of the cells in the columns) would indicate that in rickets there must be 
a slowing of growth of the bones, quite apart from actual gross meas- 
urements of this deficiency (Dodds and Cameron, 1934). Since the 
observed deficiency in growth takes place in the zones of the cartilage 
which even in normal bones are not calcified, one is led to wonder 
if the subnormal weight of the animals may not be due to a similar 
effect upon other noncalcified tissues. This growth-limiting effect upon 
the epiphyseal cartilages of bones is quite distinct from the commonly 
recognized phase of rickets (inadequate calcification of bone and 
cartilage) and constitutes a separate phase of the disease, presumably 
also brought about directly by the phosphorus scarcity. This limita- 
tion of cartilage growth has not been recognized by most students of 
rickets, and the excessive accumulation of uncalcified cartilage has 
led some to the erroneous conclusion that there is an actual accelera- 
tion in cartilage growth. 

Investigators in the field of experimental rickets have generally 
recognized that in rachitogenic diets the scarcity of phosphorus is 
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not the only growth-limiting deficiency, though the others have not 
been so definitely defined. For this reason the growth deficiency of 
rats receiving the diet 2965 probably is greater than might be expected 
in uncomplicated low-phosphorus rickets. The existence of these 
other deficiencies in this diet has recently been clearly demonstrated 
by Zucker, Hall and Young (1941), who found that the addition of 
adequate amounts of phosphate to this ration still left it quite inade- 
quate to produce normal growth. In an attempt to find a better 
rachitogenic diet, these workers have devised a high-calcium, low- 
phosphorus diet, no. 803, which produces as severe rickets as diet 
2965 with less retardation of growth. Moreover, when phosphate in 
proper amount is added to diet 803, it becomes practically a complete 
diet and produces very nearly normal growth in rats. But like diet 
2965, this diet does not show improved growth production upon the 
addition of vitamin D alone. 

Though it is generally recognized that growth deficiency accom- 
panies experimental rickets in rats, there has been no general agree- 
ment as to the impairment of growth in rachitic human infants. Hess 
(1929) stated that in the common moderate case of human rickets 
there is usually no decrease in the growth rate, though in the extreme 
form of rickets impairment of growth may be encountered. He quoted 
Wimberger (1923), who studied the growth of the tibia and other 
long bones by roentgenograms, and came to the conclusion that 
growth does not suffer any impairment through rickets. 

On the other hand, we find statements like that by Mueller (1924), 
who said it is well known that in high-grade rickets, growth in length 
suffers to a conspicuous degree. Feer (1922) stated that rachitic 
children are always shorter than others, even if there is no evident 
distortion of the bones. Holt and Howland (1929) said: “A change 
which has not been sufficiently emphasized is arrested growth of the 
long bones; this is the most characteristic feature of rickets.” Reed, 
Struck and Steck (1939) emphasized the importance of even very 
mild rickets because of the depressing effect upon growth. Indeed, 
the studies of Slyker and co-workers and of Stearns, Jean and Vande- 
car seem to indicate that infants suffer growth deficiency when there 
is an inadequacy of phosphorus which is not quite severe enough to 
produce rickets. 

On the whole, it would seem that we must accept the view that 
rachitic infants commonly suffer growth deficiency. It is probable, 
however, that the deficiency is by no means as great as that observed 
in rachitic rats, otherwise there would scarcely be any question about 
its occurrence. No doubt the division of opinion may also be due in 
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part to the impossibility of carrying out extensive experimental studies 
under rigidly controlled conditions. 

The seemingly different magnitude of growth response between 
rachitic infants and rats may possibly be explained in part by the 
different dietary requirements necessary for the production of rickets 
in the two species. Rats do not develop rickets unless, in addition to 
deficiency in vitamin D, there is also a distinctly unfavorable ratio 
of calcium and phosphorus in the diet, usually high-calcium and low- 
phosphorus (Hess, 1929; Shohl, Bennett and Weed, 1928; and 
others). Infants, on the other hand, commonly develop rickets on 
diets deficient only in vitamin D, or when deprived of solar radiations, 
even though calcium and phosphorus in the diet may be adequate. 
Zucker, Hall and Young (1941) expressed the situation by saying 
that in rats rickets is primarily a phosphorus deficiency (though it 
can be largely corrected by vitamin D), while in infants it is purely 
an inadequacy of vitamin D, usually in the presence of adequate 
calcium and phosphorus in the diet. Thus, infants often have rickets 
on a diet of cow’s milk, whereas rats will not become rachitic when 
there is cow’s milk in their diet. On such a diet infants may suffer 
physiologic scarcity of phosphorus, even though satisfactory amounts 
of phosphorus are actually presented in the food. The phosphorus 
scarcity so produced is seemingly usually not severe enough to retard 
growth as seriously as when rickets is produced experimentally in 
rats. 


SUMMARY 


These studies are based upon 135 albino rats, in most of which 
rickets was produced by the Steenbock-Black diet 2965. The special 
feature of the study is the tracing of the development and healing of 
rickets and the growth of the bones by weekly roentgenograms. 
Graphic methods are used to show rickets, healing and growth. 

The rachitic rats were very subnormal in weight, but their growth 
did not follow any single pattern. 

The growth of the leg bones and of the vertebral columns of the 
rachitic rats was greatly retarded. The retardation of the vertebral 
columns was relatively greater than of the leg bones. 

The epiphyseal cartilage of the tibia (typical for all long bones), 
during the first week or two on the rachitogenic diet continued to 
make its contribution to the length of the shaft of the bone, but in 
decreasing amount. After about the third week the shaft ceased to 
elongate, and the pathologic thickening of the epiphyseal cartilage 
and the elongation of the bone became equal and identical. 
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When rickets healed under the influence of vitamin D, both increase 
in weight and growth of bones were accelerated to a marked degree. 
When spontaneous healing took place there was a less marked accelera- 
tion. 

We believe that the reduction in growth rate is a part of low- 
phosphorus rickets, and, like other phases of rickets, is produced by 
phosphorus deficiency. Other growth-limiting factors in most rachito- 
genic diets are also recognized, but these are not concerned in the 
production of rickets. 
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sufficient interest to warrant further investigation. 


INCIDENCE; AGE AND SEX RELATIONSHIP 


female mice. The age distribution was as follows: 


Age in Less 

months than 5 6-7 8-g IO-II I2-13 I14-I5 16-17 18-19 20-21 22-2 
Number 

of mice 4 4 8 16 16 19 12 13 10 


ANATOMIC CHANGES 
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A FATAL DISEASE OF MIDDLE-AGED MICE CHARACTERIZED BY 


(From the Department of Pathology, Cornell University Medical College and 


In routine autopsies of a large colony of mice maintained in this 
department for the study of leukemia, 107 mice were found to have 
died during a period of approximately 3 years with a well characterized 
disease complex still present in our colony which, to our knowledge, 
has not previously been described. Although we have been unable to 
determine the etiology of this disease, it seems desirable to describe 
it because it apparently constitutes a well defined entity that is of 


The colony is comprised of from 5000 to 7000 mice per annum, 
with a mortality of about 3000 per annum. The disease occurred 
throughout the year, affecting adult male mice. At the early phase 
of this study 5 female mice were recorded as having died of this 
disease, but the hearts of these animals were not sectioned, and since 
this disease has been studied carefully it has not been found among 


This tabulation shows that the greatest mortality occurred between 
the roth and 15th month, with a maximum at 14 months. The greater 
part of our colony is under 12 months of age. All of the last 14 cases 
observed occurred among males, and 13 were of the Rf stock. Their 
age varied from 8 to 19 months, with an average of 13 months. 


Gross examination indicated that exsanguinating hemorrhage into 
the pleural cavity was the immediate cause of death in most instances. 
Coexisting myocardial and epicardial hemorrhage was common, while 
the lungs were, as a rule, free from hemorrhage; the vascular rupture 
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usually occurred near the origin of the great vessels. Peritoneal 
hemorrhage was noted in only 1 animal. Testicular hemorrhage, how- 
ever, occurred frequently and was recorded in 27 mice. This figure, 
however, is inaccurate. More recently all testes have been sectioned 
and hemorrhage, although minute, is found in almost every case. 
Testicular hemorrhage unaccompanied by pleural hemorrhage was 
recorded at first in 11 cases, but in none of these was the heart ex- 
amined microscopically; myocarditis was doubtless overlooked in 
several instances. More recently, the hearts have been examined 
microscopically in every case, and advanced myocarditis found, which 
may have accounted for the death of the animals. Thrombi distending 
the auricles of the unopened heart were noted in several cases. 

The only other conspicuous change on gross examination was ischemia 
of the liver with yellowish discoloration, due to exsanguinating pleuro- 
pericardial hemorrhage, and moderate to advanced fatty degeneration. 
In many cases, the liver appeared smaller than normal. In general, 
the animals appeared to be in an excellent state of nutrition; many 
appeared obese and all were well developed. 

Heart. Microscopic examination showed acute and subacute inter- 
stitial myocarditis in 23 of 25 mice that were examined. Since the 
bodies from the 2 mice without myocarditis have been discarded, it 
is impossible to state whether or not pleural hemorrhage in these 
cases was due to a different disease from that described here. The 
most frequent histologic picture was a diffuse infiltration by poly- 
morphonuclear and mononuclear leukocytes of the muscle of auricles 
and ventricles (Figs. 1, 2 and 4), most extensive in the region of the 
auriculoventricular junction. The cardiac fibers were often widely 
separated by edema fluid. In areas where the inflammation was most 
intense, there was occasionally considerable necrosis of the heart 
muscle. In several animals, the process was extensive and a site of 
rupture was demonstrated in the auricular wall. The inflammatory 
process always involved the myocardium; the pericardum about the 
base of the heart was also frequently involved (Fig. 3), as was the 
endocardium, but to a lesser extent. The serosal and endocardial 
layers were elevated in several places by both inflammatory exudate 
and hemorrhage. Antemortem thrombi were occasionally attached to 
the auricular endocardium. The valve leaflets, as seen in sections 
occasionally, showed slight or moderate inflammation and hemorrhage. 
Frequently the myocardial changes were more chronic and char- 
acterized by considerable numbers of mononuclear leukocytes, lympho- 
cytes and fibroblasts (Fig. 4). Occasionally, sheetlike masses of large 
mononuclear cells were seen, with “owl-eyed” nuclei, as in Aschoff 
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bodies. The cells were evidently Anitschkow ‘myocytes’ ’ or “myo- 


cardial reticulocytes.” ° Characteristic Aschoff bodies were not seen. 
Fibrosis unassociated with inflammation was never observed. 

Serial sections of the heart and lungs were made from 3 animals 
and the site of rupture was demonstrated in each. It was situated in 
either the auricle or in an adjacent orifice of a large vein. No parasite 
or micro-organism could be demonstrated with certainty. 

Lungs. The most constant and conspicuous lesion was a hyaline 
degeneration of the smooth muscle in the walls of the medium-sized 
pulmonary arteries. It was observed in 11 of 27 mice. This alteration 
in the vessel was not associated with hemorrhage. A moderate degree 
of hyaline degeneration of arteries was observed in the lungs of only 
3 of 26 control mice of the same age and sex. Chronic bronchitis 
and bronchiectasis were observed frequently, but the incidence was 
not greater than in the controls. Rarely, numerous erythrocytes were 
seen in the alveoli. 

Testes. Extensive hemorrhage between the seminiferous tubules 
was a characteristic occurrence. Grossly, as a rule, only one testis 
seemed involved, but on microscopic examination the hemorrhage was 
usually bilateral (Fig. 5). There was frequently a slight degeneration 
of the tubules, but spermatogenesis was not prevented. Often small 
or moderate numbers of polymorphonuclear leukocytes were present; 
this was not a constant feature, and a few polymorphonuclears were 
also found in sections of testes with no hemorrhage. No rupture of 
any blood vessel was demonstrated with certainty although in 4 in- 
stances moderate degeneration was observed in the walls of the blood 
vessels. In several cases there was calcification of the media of large 
arteries in both capsule and parenchyma of the testes (Fig. 6). There 
seems to be no relation between this medial calcification and the acute 
fatal illness. While the cardiac lesions often indicated a subacute 
process, those of the testes were always acute. 

Other Organs. The kidneys, spleen, adrenals, bone marrow, hypoph- 
ysis and brain from a representative group of mice dead with this 
disease complex were examined. No constant pathologic change was 
noted in these organs. 


EPIDEMIOLOGIC OBSERVATIONS 


The mouse colony occupies four large rooms on two floors. Four 
different inbred stocks of mice and hybrids were studied. The disease 
occurred in all stocks and hybrid mice, and its incidence was roughly 
proportional to the number in each stock. Thirty mice with this disease 
were of the Rf stock and only 3 of stock Ak, but most mice of the 
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latter stock die within approximately 10 months, mainly of leukemia, 
whereas the peak of the mortality curve among Rf mice is at 15 
months. Thus, many more mice of the Rf stock reached the period 
of susceptibility to the disease studied. Similarly, most hybrid mice 
are long-lived and most examples (63) of this disease were found 
among hybrids. 

To obtain information on the possible spread of the disease in the 
animal colony, the cages in which mice had died with this disease 
were marked without changing their location and without sterilization. 
There was no evidence to indicate spread of the disease within the 
cage or from cage to cage, although several cases occurred in the 
same cage at widely varying intervals. 


BACTERIOLOGIC EXAMINATION 


The hearts from 8 cases of myocarditis were ground and cultured 
on the usual laboratory media. Inoculations were also made on 30 
per cent horse serum agar for the detection of pleuropneumonia-like 
organisms; however, none were isolated. The organisms grown from 
a few cases were usually Staphylococcus albus and Gram-negative 
bacilli. These were regarded as postmortem invaders. 

A hemorrhagic testis from 1 mouse with extensive myocarditis was 
ground in broth, passed through a Mandler regular filter and inoculated 
onto the chorioallantoic membrane, but no lesion was observed. 


TRANSMISSION EXPERIMENTS 


The inoculations of heart tissue from 7 mice with myocarditis into 
a total of 74 healthy mice by the intravenous, intracerebral, or intra- 
ocular routes were without results. The myocardial tissue from the 
8th mouse was injected into 4 normal mice by the intrapulmonary 
route, and into 5 by the intravenous route. Of the mice injected 
intravenously, 1 died within 24 hours and the heart was negative; 
another died within 10 days with both gross and microscopic evidence 
of myocarditis. Cultures of the heart muscle yielded no growth. The 
tissue was passed to 5 more mice. All died, however, as a result of 
Bacillus typhi murium infection within the incubation period of myo- 
carditis. Three killed after 24 days had no evidence of disease. Of 
those inoculated by intranasal instillation, 1 died on the 18th and 1 
on the 24th day, and although there was no gross evidence of myo- 
carditis, it was present on histologic examination. The remaining 2 
were killed on the 24th day and there was no evidence of disease. 
The inoculated animals that showed myocarditis had neither pleural 
nor testicular hemorrhage, and on subsequent passages the mice of 
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this series died from infection with B. typhi murium. It is probable 
that this myocarditis was attributable to B. typhi murium that was 
present in a small number of mice purchased for transmission ex- 
periments. This infection had not been encountered in our colony and 
the inoculated animals were kept in a different room. 

More recently, numerous mice inoculated with blood from pleural 
fluid taken at autopsy died within a few days with septicemia produced 
by a bipolar organism that was not identified; the surviving mice 
showed no change. The organism did not reproduce any manifestations 
of the disease. 


DISCUSSION 


The following possibilities were considered in respect to etiology 
of this disease: (a) infection, (b) degeneration of cardiovascular sys- 
tem, (c) vitamin deficiency, (d) hormonal factors. 

The epidemiologic considerations do not suggest an infectious disease 
and the remarkable sex incidence would also argue against it. Never- 
theless, numerous cultural and transmission experiments were made, 
but without success. Pleuropneumonia-like organisms were not found. 
Most inoculated animals remained healthy, but in one series 3 of 9 
mice injected died with myocarditis, accompanied by B. typhi murium, 
which occurred in the mice purchased for inoculation but not in those 
of our animal colony. The negative transmission experiments are 
against causation of this disease by a virus, but it is possible that the 
proper requisites for successful transmission of the disease have not 
been met. 

The myocardial changes observed were both inflammatory and 
degenerative in character, and although it is possible that the de- 
generative changes were primary, the reverse seems more likely. Alter- 
ations in the blood vessels of the heart were rare and scant. In- 
volvement of the auricles was more conspicuous than that of the 
ventricles, and hemorrhage was apparently due to rupture of the 
auricles. There seems to be no similar disturbance known in man, 
though in absence of the testicular and pleural hemorrhage the cases 
would have been designated as isolated (Fiedler’s) myocarditis (cf. 
Saphir *). 

In these mice there was no generalized hemorrhagic tendency and 
there are no reasons to suspect vitamin C or vitamin K deficiencies. 
Deficiency of vitamin B complex, however, should be considered. The 
cardiac changes in vitamin B, (thiamin chloride) deficiency are not 
well known. They were adequately described by Wenckebach,* who 
regarded hydropic degeneration as the outstanding microscopic change, 


192 ANGEVINE AND FURTH 
and dilatation of the right heart, particularly that of the pulmonary 
conus, as the outstanding gross change. It has not been possible to 
reproduce the anatomic changes of the disease with certainty nor to 
correlate gross and microscopic changes with the clinical manifes- 
tations of the beriberi heart. Recently, Thomas, Mylon and Winter- 
nitz° produced myocardial degeneration with subsequent fibrosis by 
keeping rats on vitamin B, deficiency and on a low potassium diet. 
Observations made by Dock ° and by Smith and Furth‘ suggest that 
myocardial fibrosis may be a late manifestation of human vitamin 
B, deficiency, but the cardiac changes in mice here described are 
those of acute or subacute myocarditis and not of myocardial and 
endocardial fibrosis. 

Goettsch and Pappenheimer * reported the production of degenera- 
tion of the voluntary muscle of rabbits and guinea pigs when given 
a diet lacking in vitamin E. More recently, Pappenheimer ° has found 
that the offspring of female mice maintained on a vitamin E-deficient 
diet showed extensive degeneration of the voluntary muscle fibers, 
characterized chiefly by hyaline necrosis and infiltration with poly- 
morphonuclear leukocytes. No mention was made of the changes in 
the heart. 

Myocarditis was stated by Lenke and Loewe *° to be common among 
mice, but since the occurrence of pleural and testicular hemorrhages 
was not mentioned, it is not likely that the disease described by them 
is the same as that studied by us. 

Since the disease affected only males during the period of sexual 
activity, some hormonal factors may be operating. Microscopic ex- 
amination of the testes, adrenals and hypophysis from several cases, 
however, showed no conspicuous deviation from normal. 


SUMMARY 


A disease complex not hitherto reported is described in mice. It 
is characterized by sudden death with myocarditis and exsanguinating 
pleuropericardial hemorrhage, accompanied almost invariably by tes- 
ticular hemorrhage. It is found in about 1.2 per cent of the mice of 
our colony dying spontaneously and affects healthy, well developed 
and well nourished male mice, perhaps with rare exceptions. The 
disease is most common between 1o and 19 months of age, with a 
peak at 14 months. Epidemiologic observations, transmission experi- 
ments and cultural studies failed to support the opinion that the 
disease is infectious. 
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[ Illustrations follow | 


4. 
I. 
6. 
8. 
Q. 
10. 


All sections were stained with hematoxylin and eosin. The magnifications are 
approximate. 


Fic. 


;. 2. Higher magnification of the myocardial changes in mouse Rfe 189 showing 


. 3. Infiltration of the epicardial fat in mouse R.Rff 396, continuous with that 


;.4. Myocardial infiltration in the same mouse with predominantly large mono- 


.5. Advanced interstitial hemorrhage in the testis of mouse Rfg 342 with large 


.6. Advanced calcification of a medium-sized artery beneath the capsule of the 


DESCRIPTION OF PLATE 


PLATE 23 


1. Heart of mouse Rfe 189 showing advanced myocardial and endocardial in- 


filtration, mainly by polymorphonuclear leukocytes with hemorrhage. X 100. 


edema and infiltration by lymphoid cells. XX 800. 


of the epicardial and myocardial infiltration. Most cells in this field are poly- 
morphonuclear leukocytes; several are lymphoid cells and monocytes. X 800. 


nuclear leukocytes and young fibroblastlike cells. X 800. 


numbers of polymorphonuclear leukocytes among the erythrocytes. X 100. 


testis of mouse R.Rff 396. On the left side the wall of the artery is very thin 
and hemorrhage extends beneath the capsule. X too. 
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